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Over the past four years, I have
concerning its proposed rules for
metal and nonmetal mines. This
issues that I discussed in those
issues remains the generally acc~
insufficient to sustain a meaningfl
That view, which is supported by I
concerns within the Agency beca
perform scientifically correct QRP
exposure levels that lie at the he

ubmitted 

three sets of comments to MSHA
Diesel Particulate Matter (DPM) in underground
most recent proposal raises many of the same"evious 

comments. The most important of those~pted 
fact that the scientific database isJI 

quantitative risks assessment (ORA) for DPM.numerous 
authorities, should raise importantJse 

if data insufficiencies lead to an inability to, 
then there is no scientific basis for the specificIrt 
of the current proposal.

In my prior comments, I express
exposure limits (PELs) for diesel
proposed to measure as total ca
carbon) are not supported by sci
scientific literature confirms my p

scientifically supported.

d 

the view that the Agency's permissible
~xhaust particulate (which MSHA earlierJon 

and now proposes to measure as elemental!ntific 
evidence. My updated review of the

ior opinion: the MSHA PELs are not

As described below, the deficien
~(and others) persist undiminishedl

scientifically unjustified and unju

ies of that database noted previously by me.Likewise, 
ORA for diesel exhaust is astifiable 

today as it was in1998.

My earlier submissions essentiall'
lfollowed by two sets of updates tI

review by including ever more re
and number of contributions to th
review were not fundamentally al
that review, but find that there is r

{ 

consisted of an initial set of comments
lat each extended the underlying literature
:ent publications. Despite the growth in the size
3t literature, the conclusions of the literatureered. 

Similarly, my current comments update10 
basis to change the original conclusion.

To allow these current comments
concerns to this rulemaking, I ha I

appendices. Rather than reitera
according to appendix and page.
follows:

to be brief, while also not ignoring important'e 
attached my earlier comments as

ing the earlier arguments, I will refer to them
The contents of those Appendices are as

j)f 7/28/98 by Jonatharl Borak, MD and Howard
11 behalf of the National Mining Association.

Appendix A: Comments I

Cohen, PhO, CIH, made 0
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Appendix B: comments
1as an addendum to earlie

Association.

jated 

7/21/99 by Jonathan Borak, MO, prepared
comments made on behalf of National Mining

Appendix C: Comments t

submitted to Hon. David L,
I>f 11/05/01 by Jonathan Borak, MD and
I~uriski on behalf of the MARG Diesel Coalition.

1. Is Quantitative Risk ASSE.I!~ssment for DPM Possible?

In my previous comments to MS~I

database and expressed concer
perform quantitative risk assess

lA, 

I detailed deficiencies of the scientifics 
that that database v.'as not adequate to

ent (ORA) for diesel particulate material (DPM).

Among the issues raised were th~lI~se

a) The original proposal CI
that misrepresented key s1l
reached alternative conclu

)ntained a Risk Characterization for lung cancer
udies and neglected others that differed with or
sions than MSHA (Appendix A, pages 2-6);

b) MSHA ignored the gen
lDPM-induced lung cancer

pages 6-7);

3rally-accepted 

evidence that animal models ofwere 
not applicable to humans (Appendix A,

c) The MSHA risk charac
Worker Effect to explain r
cancer in DPM-exposed
non-elevated cancer rates
(Appendix C, pages 6-10);

3rization 

wrongly relies upon the Healthyduced 
rates or lack of increased rates of lung)rkers, 
rather than addressing such reduced or

as suggesting the absence of adverse effects

d) The MSHA risk assess
~not based on quantitative

11-13).

nent is qualitative, not quantitative because it is!xposure 
measurements. (Appendix A, pages

Although my specific concerns ac
cancer, they also applied to non- '

the 1999 report for the Health Eft
exposure data in the relevant epi '

Appendix 8, pages 7-8].

Idressed 

risk assessment for DPM-related:ancer 
endpoints. In support of that view, I cited~cts 

Institute (1) that found a general lack ofjemiological 
studies and concluded [see

"Only two such studies repll,
associated in some mann~

orted 

any quantitative exposure data!r 
with the occupational epidemiologic studies."

ilose 

two considered miners. Moreover, the HEI
of those two was not suitable for ORA:

As I pointed out then, neither of tl
Panel further concluded that one

October 8, 2003Comments of Jonathan Borak, MD
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"the railroad worker cohon
lung cancer risk... the Pal
railroad worker data as thE!

study has very limited utility for QRA of lifetime
lei recommends against using the current
! basis for QRA in ambient settings";

while the second had been insuffl
limited value: I

ciently evaluated and was therefore of only

"[It] may provide reasonabl
exhaust, but significant fu~

e estimates of worker exposures to diesel:her 
evaluation and development are needed."

Since then, there have been man
!rectified that underlying data defi

Proceedings of a Health Effects I
greater concern:

y debates, but essentially no new data have:iency. 
For example, the just-publishedlstitute 
workshop reached conclusions of even

"A principal limitation of e
whether of short-term or I
exposure misclassification
exposed to diesel exhaust
substantial constraint in in
research issues are the fol
diesel exposure so that quI
associated with diesel exp

idemiologic 

studies of diesel exhaust exposure,ng-term 
effects, has been bias from potential

Even in the occupational studies of workers
exposure misclassification has been aerpreting 

findings... Among the principallowing: 
-Is it possible to accurately measure3ntitative 

estimates of the risk of lung cancer)sure 
can be made?" [(2), p. 4]

Likewise, Eric Garshick (principal!
central to the MSHA risk assessn
Workshop, reiterated his public
was an adequate basis for quanti
ORA:

author of the railroad worker study that islent) 
presenting at that Health Effects)ncerns 

that neither his own study nor any other'ying 
the sort of dose-response necessary for

"Although California has ] : carcinogen with an estimal

the lack of exposure mea
majority of these studies b

Insidered 

diesel exhaust to be a lung)Ie 
risk, this assessment is controversial. GivenJrements 

and an ill-defined linkage in the~tween 
job title and personal exposure...

"Although current literaturell
insight into a dose-respo

~both cohort selection and
exposure model in the exi
hindered by a lack of exp
model can be developed, I
marker(s) indicative of ex~

exposures." [(3), p.17, 21]1

identifies diesel exhaust as a health hazard,
;e relationship is limited by factors related to
!xposure assessment. The development of an
.ting diesel exhaust epidemiologic literature is
sure measurements upon which an exposure
Jncertainty regarding the best measurement or
Dsure, and uncertainty regarding historical

That deficiency has been increasll'
MSHA. Of particular note is the ~

ngly well recognized by others outside of'002 
USEPA Health Assessment Document for

October 8, 2003Comments of Jonathan Borak, MD
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Diesel Engine Exhaust (4). In thj
l~

database on DPM was too uncerj:

It 

document, EPA concluded that the scientific:ain 
to sustain ORA:

"... the available data are clf
cancer unit risk... II (p. 8-1 i

onsidered 

inadequate to confidently estimate a
\

"Because of uncertainty inl
unit risk/cancer potency f~

the available exposure-response data, a cancer
.diesel exhaust has not been derived" (p. 9-24).

Accordingly, EPA published OnIY
~ORA. Likewise, EPA could mak

effects:

~ weight-of-evidence risk assessment, not a
no definitive assessment of non-cancer health

"Information from the avai~1

definitive evaluation of po
exposure to diesel exhaus

3ble 

human studies is inadequate for asible 
noncancer health effects from chronic

:" [(5), p.35]

For presumably similar reasons,
limit value (TL V) for diesel exhau
than 7 years had been spent in e
time, three different proposed TL
revisions) were listed on its Noti
of effort and deliberation, the de
fundamental weakness of the sci
interest in its formulation.

~CGIH 

recently withdrew its proposed threshold
;t (6). That withdrawal is striking because moreforts 

to set a diesel exhaust TLV. During that
Is (an original proposal and two subsequent
3 of Intended Changes. In light of those 7 years
sion to withdraw, rather than revise, reflects the~ntific 

data needed to set a TL V, not lack of

Thus, the past two years has see
~not sufficient to allow meaningful I

have been added to the databas

1 

only confirmation that the DPM database isquantitative 
risk assessment. No new data! 

that address those deficiencies.

2. Ultimate Carcinoaens ani

d 

Exposure Assessment

Beyond confirming the previously
recent studies have evidenced otll
had not been well appreciated a
difficulties of performing DPM ex
particular concerns involves detel

noted deficiencies of the underlying database,ler 
important data deficiencies that previouslyd 

that now heighten awareness of thelosure 
assessments necessary for QRA. A.mination 

of the appropriate exposure metric.

If DPM is a human carcinogen, t
~specific carcinogenic agent. Fo

such a carcinogen would be faun
rather than either the elemental

en 

it should be expected to contain at least one
various reasons, it seems almost certain that
j in the organic carbon (DC) fraction of DPM,arbon 

(EC) fraction or the gaseous volatiles.

Early rodent studies found that 01.' caused lung cancer in rats, but n

attributed to 'dust overload', a ph

:>M, like carbon black and titanium dioxide,
)t other species. Such cancers have been,sical 

process and mechanism of disease that is

October 8, 2003Comments of Jonathan Borak, MD
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not believed to be relevant to hu
essentially equivalent to carbon
in man. The Presidential Commi
(10). Other studies found no evi
to the volatile gases in diesel ex
unlikely to pose cancer risks to h

1ans 

(7-9). This argues that elemental carbon,,Iack, 
is not a potentially carcinogenic exposure;sion 
on Risk Assessment supports that viewlence 
in rodents of lung cancer after exposure

aust (11). Thus that fraction seems alsoJmans. 
(See also Appendix A, pages 6-7).

On the other hand, the organic fr
potentially mutagenic and carcin
other nitro-PAH compounds. Re

such agents in DPM and their ac
Likewise, DPM has been shown 1
leading to increased production c'
Commenting on their findings, th4
view that PAHs, not elemental ca

3ction of diesel exhaust contains specific,

Igenic agents, e.g., 3-nitrobenzanthrone and
;ent studies have documented the presence of
ivation by human enzyme systems (12,13).
0 upregulate cytochrome P450 1A1 (CYP1A1)
f potentially mutagenic superoxide radicals (14).
~ authors of the latter study made clear their
rbon were the active agents:

"Judging from the previou~1'

should be responsible for
nuclei of DPM are unlikely

, reports and the present study, PAH in DPM

he changes in these molecules and carbon
to influence the expression" (14).

Such data raise several concernEI relevant to Q RA.

First, if DPM exposure mediates i
oxide radicals and if that is the ml
would best be described as a thr
risk assessment models. The ris
rely on linearized models.

3 process leading to the formation of mutagenic~chanism 
that leads to lung cancer, then DPM!shold 

carcinogen not amenable to linearized
< assessment models for DPM cited by MSHA

Second, and more generally, the1
cause human lung cancer, it is prl
organic components. Most studiE
(organic carbon or OC) of DPM 81
potential specific carcinogens. TI
exposure levels were closely rela
carbon (TC = EC + OC), the DPNI

that relationship is not stable; mel'
as poor predictors of OC exposu
epidemiological data correlated t
in such studies can not accuratel
uncertainties in the exposure as
restated simply: historical studie
predicting lung cancer risks.

;e 

findings suggest that if DPM exposure can
:>bably due to exposure to certain specific!S 

have not measured the organic fractionnd 
none have attempted to measure the

,at failure would be of little consequence if DCled 
to levels of elemental carbon (EC) or totalI 

measures that are most often reported. But,3.surements 
of EC and TC are now recognizede. 

Because there are essentially no) 
DC levels, and because EC and/or TC levels, 
predict DC, there are large and important3ssments 

needed to sustain QRA. This can be
have used the wrong exposure metric for

Over the past two years, an incr
1that EC and TC are poor estimat '

studies of miners. My colleague..

asing 

number of publications have documentedIrs 
of aG. Much of that data has come from

and I published results of nearly 800 personal

October 8, 2003Comments of Jonathan Borak, MD
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and area samples from seven U~i
varied from 0.02 to 0.73, dependl'
(15). Similar large variability can
mines (see Tables II and III in (1
described in an HEI study of aU

; mines, documenting that the EC:TC ratio
ng on the mine, location and total DPM air level
be inferred from studies of Australian coali)). 

Data similar to those that we reported were
) gold mine (17).

But miners are not the only work
~measures of DC. A 2002 study

TC in the diesel exhaust from rai
study concluded:

!rs 

for whom EC and TC are inappropriate proxy9ported 
comparable variability of EC, OC androad 

locomotives (18). The authors of that

"In this study EC constitut
1locomotive cab" (18).

~d 

a range of <1-75% of the TC in the

In addition, researchers at the C
~the EC:OC ratio varied markedly

standardized dynamometer test

varied from ~20-80%, depending

lifornia Air Resources Board have found thatas 
a given engine was subjected to differentIrotocols 

(19). The proportion of EC in DPM
on engine cycle and test protocol.

The Health Effects Institute has d
data: I

Iso 

recently addressed and summarized these

"measurements have sho
composition as a result of
properties, and maintenan
variations in the source prc
of EC, OC and ultrafine p~
emissions contain varying
composition from 90% EC
full load) to 90% OC at idl

fn 

that diesel PM emissions vary greatly invehicle 
operating conditions, engine type, fuel~e... 

Variability in PM emissions results in>files 
and, in particular, in the relative amounts

~, and possibly specific markers... Dieselamounts 
of DC and EC. They range indata 

high loads (very seldom are engines run at!." 
[(2), p. 11]

Such findings have important imp
extrapolations derived from esti
exposure metrics are uncertain, t
(derived from those exposure m
calculated doses are uncertain, t
which can not be more accurate 1
But ORA, which rely on extrapolai
be more certain than the dose-re1
uncertainty in exposure assessml
any ORA that relies upon those a

If

lications. 

Carlcer risk assessments areates 
of relevant dose-response relationships. l

len resulting calculations of individual dose3sures) 
must be uncertain as well. And iften 

the corresponding dose-response curves,han 
measured dose, will be still more uncertain.lions 
rather than direct measurements, cannot;ponse 

data that defines them. Thus,~nts 
leads to substantially greater uncertainty inssessments.

The MSHA risk assessment reliel!
predictors of exposure to putative
of EC or adjusted respiratory pan

; 

on exposure measures that are not good
carcinogens. It is derived from measurementsiculate 

(analogous to TC) measurements that

October 8, 2003Comments of Jonathan Borak, MD
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are almost certainly not directly r'lhealth risks.
~Ievant to calculating lung cancer or other DPM

For such reasons, the MSHA ris~
the wrong exposure metric and,
assessment practices. This con
comments, is also consistent wit
Institute and USEPA, who argue
ORA.

assessment cannot be defended: it is based onherefore, 
is not consistent with standard risklusion, 

which is consistent with my earlierI 
the recent conclusions of the Health Effects

that the current DPM database is insufficient for

MSHA should join with other res~
acknowledging the scientific limib
rather than forcing adoption of e~
risk assessment that is scientificc

'onsible 

agencies and advisory groups by3tions 
of the current DPM database for ORA,posure 

limits that purport to be derived from a
Ily indefensible.

3. Revision of the Teamstell

.s' 

Exposure Assessment

In a just published report (20), Ba
exposure assessment that was el
in truck drivers by Steenland et a
criticisms raised by the Health E
assessment employed in that Q
uncertainties, this effort does not
the following:

iley et al presented a 'refinement' of the3rlier 
utilized for QRA on lung cancer mortality

(21). This 'refinement' was a response to
ects Institute and others regarding the exposureA. 

Although presented as an effort to address
clarity the issues. Among its deficiencies are

a). Bailey et al accepts thj
"Recent studies have sho~
for a substantial portion of
assumed that the avera e
et al study was 59%. But,
Zaebst et al (22), which di
value. Instead, Bailey et a
times. Whether this appro:
described as a beta distribl

it there are important alternative sources of EC:
In that gasoline vehicle exhaust is responsible
ambient EC", In the present study, they
proportion of EC due to diesel in the Steenland
that study relied on a 1991 exposure survey by
j not provide data necessary to determine thatI 
have relied on data from other locations and><imation 

is correct (and whether it is correctlyuti 
on) is not directly testable or knowable.

b) A similar uncertainty in11
EC represents 63% of DPI
pooling of data from vario
data from California Air R
can vary widely depending
also suspect that performa
different from that of more
figure for purposes of refin
directly testable or knowatl

{olves 

the authors' assumption that on average,." 
by weight. That number is derived from a

s recent studies of truck emissions. Preliminary
sources Board indicates that the EC:TC ratio
on engine load, fuel type and test protocols. Ince 

of older diesel engines was measurably
recent engines. Whether' 63% is a correcting 

the Steenland et al risk assessment is not,Ie.

October 8, 2003Comments of Jonathan Borak, MD
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c). A key issue in the histcrical reconstruction of the Teamsters DPM
exposure assessment concerns the rate of dieselization of heavy-duty
trucks. Bailey et al back-extrapolated exposures to 1937 and assumed
that the rate of dieselizaticn was linear from 1937 to 1963. It is my
understanding from the ef1 ine manufacturers that this is a very unrealistic
assumption and not justifi~ ble because the sharpest rate of increase was
associated with creation Olf the national highway system in response to
Eisenhower administratior programs of the 1950s. From their
perspective, this invalidat s the study.

For several reasons, this report ~
presented in the MSHA Propose4

as 

no immediate impact on the risk assessmentI 
Rule.

a). The study is based on
clear that it has improved

~rroneous assumptions. Therefore, it is not
he accuracy of the prior exposure estimate.

b). Bailey et al explicitly acl'
other sources, mainly gas~
is probably a marker of ex

knowledge 

that 40-50% of measured EC is from>Iine 
engines. They also acknowledge that EC)osure, 

rather than being the "carcinogen":

"EG is the core of dl
condensable organi
fraction of DPM incl
these organic speci"
of injury associated

esel particulate and is the carrier ofc 
material that is also emitted. The organicudes 

a range of organic species... a number of3S 
are carcinogenic... however the mechanism

with DPM is not currently known".

EC is also the marker of e1~
from gasoline engines alsq

'posure 

from gasoline engines, and the exhaust
I contains potential carcinogens.

c). There is no a priori real
increased among truck dri1
non-EC fraction of DPM, r~,
engines. And, to the exterl
hours "on the road", it wou
carcinogenic exposures thl
"on the road".

ion to assume that if lung cancers were(ers, 
then that increase would be due to theither 
than the non-EC fraction of gasoline

It that EC exposure is a metric of miles driven orId 
be expected to be a covariate of any other

3t were associated with miles driven or hours

d). The study itself does ru
underground mines. Like~

specifically calculating lun!;

)t comment on exposures among miners or inlise, 
it is not clear that these data are useful for

J cancer risk among miners.

Thus, it is my opinion that the rea
refine the reconstruction of histor!
1983. It is not directly relevant t
is not a risk assessment and it h
carcinogenic potency of diesel pa'

ent report by Bailey et al is a flawed effort to
cal exposure among truck drivers who died in
exposures in miners or exposures in mines.
s no immediate impact on estimation of therticulate.

It

October 8, 2003Comments of Jonathan Borak, MD
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4. Human Health Data in thl'

e 

Final Rule

The "preamble" discussion and
~Final Rule present no additional

DPM. Accordingly, there is nothi
proposed Final Rule that alters

ealth effects literature cited in the proposed
>r new data relevant to the human health risks of
19 in the Federal Register notice of the

y original opinions.
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The Mine Safety and Health
published its Proposed Rul
material (dpm) in undergro
1998). We share MSHA's co
adverse health effects in
this possibility deserves
we find that the Proposed
concerns.

Administration 

(MSHA) recently
for exposure to diesel particulatend 

coal mines (Fed Reg 63:17492-17579,cerns 
that dpm might contribute tonderground 

miners and we believe thatcientific 
evaluation. Unfortunately,ule 

inadequately addresses these

In particular, careful rea
that it rests upon a serie
review that lacks critical
only qualitative (rather t
forced to conclude that th
the best available evidenc
exposure to dpm in undergr
impairment to health or fu
comments are presented bel

ing of the Proposed Rule indicates
of incomplete arguments, a literaturerigor, 

and a risk assessment that is
.an quantitative). Accordingly, we are

MSHA Proposed Rule is not based on: 
and does not determine whetherlund 

coal mines results in materiallctional 
capacity. Our detailedIW.

Laracterization for Lung Cancer in theI.
:lects a lack of critical rigor,
:ey studies, and circular reasoning.

The section on Risk CI
MSHA Proposed Rule rej
misrepresentation of },

.

In its risk characterizati
its conclusions are based
studies, animal studies, a
basis of those results, wh
reinforcing", MSHA conclud

'm for lung cancer, MSHA states that
m the results of epidemiological
ld genotoxicological studies. On the
.ch it calls "coherent and mutually
!s (p.17540):

.l

studies, supported by the experimental plausibility of a causal connection,

ce that chronic occupational dpm

risk of lung cancer in humans.

[T]he epidemiological
data establishing the
provides strong evide
exposure increases th

We agree that MSHA should
Ireflected by the Proposed

one-sided and lacking in c

~onsider 

such studies. But as(ule, 
we find its considerations to becitical 

rigor.

In particular, MSHA has: 1
support its conclusion, wh
also failed to indicate i
regarding the interpretati
relies upon; 2) misreprese
3) used circular reasonin
epidemiological, animal a
"coherent and mutually re'

.

I selectively presented studies which
LIe ignoring others not supportive, and
?ortant disagreements and disputes
)n and meaning of studies that MSHA
~ted the findings of a critical study;
to support its argument that the

j genotoxicological studies arerlforcing".

..
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Our specific concerns arediscussion:lustrated in the following

1.

Biased Selection of Ignoring Disagreements

a.

..

Among the epi{ l studies that MSHA identified as of
particular importance to its analysis and Proposed Rule are
two studies of railro d workers by Garshick et al. (1,2).
MSHA describes those tudies as "the two most comprehensive,
complete, and well-co trolled studies available" (p.17534)
and "most notably... based on far more data, contain better
diesel exposure infor ation, and are less susceptible to
confounding" (p.17532 .

But, MSHA failed to i dicate that two reanalyses employing
different analytical ethods have challenged the 1988
Garshick et al. findi gs (2). In one, Crump et al. (3)
found evidence of und r ascertainment, subject selection,
and inverse-dose rela ionships, thereby suggesting important
limitations to the Ga shick data. The Crump et al. study,
which found no statis ical association between dpm exposure
and lung cancer, is n t cited in the MSHA proposed rule.
(By contrast, Crump e al. is discussed in detail in two

studies that MSHA ind cates it relied upon, Stayner et al.
(4) and the Cal EPA risk assessment (5)).

.

In the second reanal .s, Cox (6) employed analytical
methods developed in he AI-and-statistics ("artificial-
intelligence-and-stat stics") literature and concluded that
the Garshick et al. d ta did not support a causal
association between d m concentration and occupational lungcancer. 

MSHA cites t e Cox study without detail, merely
listing it as one of everal that raised questions ''as to
whether the evidence inking dpm exposure with an excess
risk of lung cancer :ates a causal connection"
(p.17539).

Considering MSHA's " that the 1988 Garshick et al.

study was of particul r importance for justifying its
Proposed Rule, failur to discuss two detailed reanalyses
that disagreed with t at study's conclusions and MSHA's
interpretation is an mportant omission.

MSHA details the cont nt of a "comprehensive statistical
meta-analyses of the pidemiological literature" performed
by Bhatia et al. (7) nd then concludes the discussion with
a quote from the] let al. (p.17540):

..
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" [T] his meta-ana

~between increase
diesel exhaust."

ysis 

supports a causal association
risks for lung cancer and exposure to

on the differing opinion expressed in
ial by DT Silverman, Principal
-going NCI-NIOSH study of dpm in non-
editorial, Silverman states (8):

MSHA neglects to ment
~an accompanying edito

Investigator of the 0
metal mines. In that

"Bhatia et al. c
association betwhumans. 

Has sci
reasonable doubt
of small effects
quantitative dat
causal interpret

.nclude 

that the data support a causal:en 
diesel exhaust and lung cancer in:nce 

proven causality beyond any
Probably not. The repeated finding

coupled with the absence of
l on historical exposure, precludes altion" 

.

.

tan editorial without detail, listing
hat raised questions ''as to whether
pm exposure with an excess risk of
es a causal connection" (p.17539).

MSHA cites the Silver
tit as one of several

the evidence linking
lung cancer demonstra

.

In light of the impor
jits failure to discus

specifically disagree
omission which again

.

:ance that MSHA gives to Bhatia et al
I the Silverman editorial which
I with MSHA's view is a significant
~eflects MSHA's underlying bias.

~esearch ~indingsMisrepresent~tion of2.

~

ished report by Stayner et al. (4)
f previous quantitative risk
cancer. With respect to that report,
summary and interpretation (p.17541):

MSHA discusses a yet unpub
which summarized a number
assessments on dpm and lun
MSHA presents the followin

[E]stimates of the ex
within each broad cat
different approaches
described in Stayner
indicating that level
underground mines pre
cancer" [emphasis add

ict degree of risk vary widely even
~gory ...However, ~ of the veryind 

methods published so far, as~t 
al., have produced results

3 of dpm exposure measured at some3ent 
an unacceptably high risk of lung=d 

by MSHA].

rang. Stayner actually describes a
Crump et al. (3) that reached an
risk assessment was published as an
sessment (9). Following is Stayner's
ump et al. study:

But the MSHA statement is
complex risk assessment b
opposite conclusion. That
appendix to the EPA risk
statement describing the

..
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"More than 50 analyse
to dpm and lung cance
different markers ofexposures, 

several su
1959, and both relati
the analyses revealed

of the relationship between exposure
.mortality were conducted using 5xposure, 

5 ways of accumulating pastgroups 
of the cohort based on job in

"e and absolute risk models. None of
a significant- positive relationship

~nd 

lung cancer, and some of thebetween dpm exposur_~j
anal roduced ne
[emp aBle added].

.tiv~ 

exposure-response relationships"

Stayner further states tha
methodology, Crump "acknow
analysis", but again no si
relationships were found i
corroborated by California
parallel calculations with
approach of the report sti
positive relationship" (5)

.after 

errors were found in Crump's.edged 
the errors and repeated thernificant 

exposure-response
L most of the models. (This is
EPA: "the investigation determined in
Dr. Crump, that the particular.1 

did not lead to a significant

.

that MSHA gives to the Stayner et al.
its contents seems a significant

iking that MSHA wrongly emphasized
d methods" had yielded results
e at some underground mines posed

In light of the importance
study, misrepresentation 0error. 

It is even more st
that \\~ ...approaches a
indicating that dpm exposu
unacceptably high risks.

~easoningReliance on Circular3.

Risk for Lun Cancer, MSHA relies
ion that the results of
genotoxicological studies are

forcing" (p.17540):

In its Characterization of
heavily upon its determina
epidemiological, animal an
"coherent and ,mutually rei

Results from the epid
studies, and the geno
mutually reinforcing.
MSHA has concluded th
supported by the expe
plausibility of a cau
that chronic occupati
lung cancer in humans

~miological 

studies, the animal:oxicological 
studies are coherent and

After considering all these results,
it the epidemiological studies,rimental 

data establishing the3al 
connection, provide strong evidence)nal 

dpm exposure increases the risk of

But it is not obvious that
contains such "coherent a
the contrary, it seems th
actually a product of cir
may be best seen by resta

the scientific literature actually
j mutually reinforcing" results. To
t such coherency and reinforcement is~lar 

reasoning practiced by MSHA. Thising 
the arguments made by MSHA in the

..
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proposed rule.

~ Epidemiological data

MSHA indicates that there ~
most of the individual stud

luch epidemiological data, but that
ies are not very good. For example.

Since none of the exi
contain major deficie
reported results diff
significance. Shortc
negative studies incl
respect to exposure;
characterization of t
uncertain quantificat
incomplete, uncertain
tobacco smoke and oth
size, dpm exposure, 0

ting human studies is perfect and many,cies, 
it is not surprising thatr 

in magnitude and statisticalmings 
identified in both positive andde: 

possible misclassification with
ncomplete or questionable,e 

exposed population; unknown or
on of diesel exhaust exposure;
or unavailable history of exposure tor 

carcinogens; and insufficient sample
, latency period. (p.17532)

...that 38 of 43 stu
cancer associated wit
significant result, e
studies is relativel

tone of the individual epidemiological
evidence that dpm causes human lung

Moreover, 

MSHA notes that
,studies provides sufficiencancer:

MSHA recognizes that
epidemiological studi
conclusive evidence 0
exposure and an eleva
(p.17539)

.0 single one of the existings, 
viewed in isolation, provides

a causal connection between dpm
ed risk of lung cancer in humans.

MSHA ultimately describes
suggesting the "plausibili
relationships" between dpm
"plausibility", MSHA argue
animal studies:

he epidemiological results as
y of a causal interpretation for
and human lung cancer. Such
i, is supported by the results of

The fact that dpm has
~laboratory rats is of

plausibility of a cau
observed in the human

been proven to cause lung cancer in
interest primarily in supporting the
lal interpretation for relationshipsstudies. 

(p.17540)

Thus, MSHA concludes that
1association between dpm an

made credible in light of

~he 

epidemiological studies suggest an
l lung cancer, but that suggestion is:he 

animal data.

..
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3b.

Animal data

Chronic exposure to dpm ca
"confirmed in two strains
laboratories", but such ef
other species. Moreover,
differs from that of rats.
extrapolation of risk from

.ses 

lung cancer in rats, a finding
If rats and in at least five
ects have not been demonstrated in
lulmonary response to dpm in primates
Therefore, MSHA concludes that

rats to humans is problematic:

The conflicting resul
the carcinogenic effedependent. 

Indeed, mo
respond quite differe
exhaust and coal dust
experiments do not, b
to dpm exposure for h

s for rats and hamsters indicate that
~t of dpm exposure may be species
,key lungs have been reported to
,tly than rat lungs to both diesel
Therefore, the results from rat'themselves, 

infer any excess risk duelmans. 
(p .17536)

.

Accumulated evidence also
develop lung cancer follow
identical cancers followin
particulates of carbon bla
that this suggests that dp
due to the genotoxicity of

ndicates that strains of rats which
ng chronic dpm exposure also developI 

exposure to non-genotoxic sub-micron
~k and titanium dioxide. MSHA agreesI-induced 

lung cancer in rats is not
diesel exhaust:

.

that the toxicity of dpm, at least in
It largely from a biochemical response
rather than from specific effects of

ompounds. (p.17537)

Therefore~ it appears
]some spec1es, may res

to the particle itsel

the adsorbed organic

.

MSHA also discusses eviden
mechanism for rat lung can
black and titanium dioxide
does not occur in humans i
others, such as the Presid
Assessment and Risk Manage
the rat lung cancer model
risk assessment. For exam
"Regulatory agencies shoul
that are predictive and th
refers to rat lung tumors
mechanisms as an example 0
be relevant to human cance
observed" (10).

..

~e that dust overload is the causal~ers 
after exposure to dpm, carbon

Data suggesting that dust overload
i also discussed. These data have led!ntialjCongressional 

Commission on Risk
lent ("Commission"), to conclude that
lay not be relevant to human cancer)le, 

the Commission cautions that
l distinguish between tumor responses)se 

that are not" and specificallyLfter 
the overwhelming of clearance: 

"rodent tumor mechanisms that may not
~ risk if they are the only responses

~idence 

to support its view that the~luding 
simply that:

MSHA, 

however, offers no el
rat model is relevant, con~

.
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MSHA is not aware of
1carcinogenesis due to

to humans. Studies c
provide such evidence

.Lny 

evidence that a mechanism of
fine particle overload is inapplicable.rried 

out on rodents certainly do not
(p.17537)

We are concerned that MSHA
~there is no evidence. Ult

cancer model is relevant tstudies:

maintains 

this view precisely becausemately, 
MSHA argues that the rat lungI 

humans because of the epidemiological

.

The human epidemiolog'
humans comprise a spe
hamsters, suffer a ca
Therefore, MSHA consi
to ap evaluation of t

cal data, however, indicate that
ies that, like rats and unlike
cinogenic response to dpm exposure.
ers the rat studies at least relevant
e risk for humans. (p.17536).

Thus, despite lack of a di
~evidence to the contrary,

justify its view that the

mechanistically to humans.

ect connection and accumulated animal
SRA argues that epidemiological data
at lung tumor studies are relevant

~
MSHA indicates that diesel
systems, but also allows t
that lung cancer risks of
to genotoxic mechanisms.
data neglects a number of .

negative studies has led 0
conclude that "the role of
exhaust in the development
undefined" (5).

soot is genotoxic in a variety of testat 
there are other data suggesting

iesel exhaust in animals is unrelatedhe 
MSHA discussion of this negativemportant 

studies (11-13). Thosehers, 
such as California EPA, tothe 

genotoxic constituents of dieselof 
rat lung tumors is as yet

Nevertheless, 

MSHA specula~
are "masked" by dust overl~

es 

that the genotoxic effects of dpmad:

Due to the relatively
studies, it is concei
or parallels other po
that effects of the g
masked or displaced b
Particle overload may
cancer at very high c
while genotoxic mecha
under lower-level exp

high 

doses administered in the ratable 
that an overload phenomenon masksential 

routes of cancer. It may benotoxic 
organic compounds are merely

overloading in the rat studies...provide 
the dominant route to lungncentrations 

of fine particulate,
isms may provide the primary route
sure conditions. (p.17537)

about possible genotoxic mechanisms:MSHA continues to speculat~
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Even if the genotoxic
biologically unavaila
carcinogenesis, this
genotoxic route to lu
presence of dpm parti
carbon black and tita
prove that dpm exposu
effects... (p.17537)

organic 

compounds in dpm werele 
and played no role in humanould 

not rule of the possibility of ag 
cancer (even in rats) due to theles 

themselves... Therefore, the
ium dioxide studies cited above do note 

has no incremental, genotoxic

Thus, the MSHA genotoxicit
speculation that dpm might
mechanisms because existin

MSHA seemingly ignores th
consistency of contrary ev'

argument consists largely of

3d. Summary

ch findings of epidemiological,
al studies on dpm and lung cancer areforcing". 

This is not so. But to the

MSHA argues that the resea
~animal, and genotoxicologi

"coherent and mutually rei

contrary, this is not so.

~

PidemiOlOgiCal studies suggest only
causal interpretation". To MSHA,
e credible because "dpm has been

ancer in laboratory rats".

The "relatively weakff
~"the plausibility of

that possibility is m
proven to cause lung

ts "do not, by themselves, infer any
exposure for humans". To MSHA, that

edible in light of the epidemiological

But, the rat experime
~excess risk due to dp

possibility is made c
studies.

Istudies 

lead only to speculation ofThe genotoxicological
possible mechanisms.

Whether MSHA's concerns an
clear that the Agency has
anchor point. The cited d
interesting and provocativ
and mutually reinforcing".
for Lung Cancer in the MS
critical rigor, misrepres
reasoning.

speculations are correct, it seemsuilt 
its logical argument without an

ta and their inter-connections are
, but they are clearly not ""coherent
The section on Risk Characterization.Proposed 

Rule reflects a lack of
tation of key studies, and circular

There is little eviderl
effects associated wit
relevant to risk assef:

II...ce 

to support MSHA's view that health
.h ambient exposure to PM2.s are

:sment for and regulation of diesel

.cause 

cancer Vla a genotoxlc
evidence cannot disprove the theory
lack of direct evidence and thedence.
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exhaust..

A substantial part of the
~Effects Associated with Fi

For example, MSHA states

ISHA 

Risk Assessment considers "Health
Le Particulate Matter in Ambient Air".
n III.2.a.iii:

.

Since dpm is a type 0
about health effects
particles in general,matter, 

is certainly
directly to dpm expos

: 

respirable particle, information.ssociated 

with exposure to respirable
and especially to fine particulate'elevant, 

even if difficult to apply,res. 
(p.17528)

.

MSHA recognizes two diffic
for risk assessments of mi
exposures to fine particul
specific to dpm (or any ot
2) observations of effects
necessarily apply to the p
difficulties, however, the
compelling reasons to cons

.cIties 

in utilizing such information,ers 
with occupational dpm exposure: 1.tes 
in air pollution studies are not,er 

single kind of particulate); and,
in the general population do not,pulation 

of miners. Despite those
Agency concludes that "there are
der this body of evidence".

s appropriate for MSHA to consider
with MSHA's discussion and conclusion

discussed below, we believe that MSHA
y of technical difficulties that make
ormation problematic. Secondly, and
ee with MSHA's conclusion that:

We do not dispute that it
such data, but we disagree
in several ways. First, a
has failed to note a varie
the utilization of such in
more importantly, we disag

[T]he excess risk of
~of the air with fine

"material impairment"
within the meaning of

.eath 

that has been linked to pollution,articles 
like dpm is clearly a

of health or functional capacity
the act. (p.17539)

In particular, we do not a
studies referenced by MSHA
fine particles like dpm" [
death or chronic lung dise
can be summarized as folIo

ree that the ambient air pollution
have linked "pollution of the air withmphasis 

added] to excess risks of
se. The basis for our disagreement's 

:

MSHA argues that the arnbie
~r~levant to dpm because dp

sJ.ze:

.t pollution literature for PM2,5 is
l is mostly less than 1.0 micron in

A new NAAQS has now b
~matter" that is less

mostly less than 1.0
fine particulate. (p.

:en 

established for "fine particulate
han 2.5 microns in size... dpm islicron 

in size. It is, therefore, a
1510)
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MSHA appears to regard all

Jequivalent. We believe th

particulates smaller than 2.5 urn as
Lt this approach is not appropriate.

There are well recognized
between dpm and PM2.5. As
proposed rule (p.17504), t
dpm is between 0.1-0.3 urn
particulate matter is muchsize. 

The cut-off diamete
sharp and samples collecte
significant proportion of
DPM and other ultra-fine p
proportion of ambient part
dpm represents less than 4
emissions (20).

..lifferences 

in size and distribution.llustrated 
in Figure 11-1 of thele 

mass median aerodynamic diameter of
e.g., 14-17). By contrast, ambient
more heterogeneous with regard to
.of size selective samplers is notI 

with PM2.5 samplers actually contain a)articles 
greater than 2.5 urn (18,19).Lrticulates 

represent only a small.culate 
samples: it is estimated that

percent of total suspended particulate

Such size and distribution
implications for the anticexposure. 

For example, MS
chronic cough, chronic phI
tracheobronchial effects.
studies documenting that r
biopersistence of inhaled
according to particle size
(i. e ., less than O. 5 urn) p

particular relevance, stud
found that tracheobronchia
particle size increased fr
pollution studies, even th
matter less than 2.5 urn, a
nor inherently relevant to
micron particulates. such

.

differences have important.pated 
health effects of particulate~'s 

concern that dpm exposure leads to~gm, 
and wheezing reflects mainly

But there are extensive research~gional 
deposition, retention and-articles 

differ significantly
especially very large and very smalllrticles 

(e.g., 18,21-24). Of.es 
in humans and other species have

deposition increased by 2-10 fold as
1m 0.8 to 6.0 urn (25). Thus, airIse 

that considered "fine" particulate"e 
neither quantitatively predictive of

the physiological effects of sub-lS 
dpm, on the tracheobronchial tree.

d the differences between sub-micron
ed PM2.5 particulates which are the
wise, MSHA has failed to establish a
the PM2.5 literature to quantitative
e to dpm.

MSHA has essentially ignor~
dpm and air pollution-relat
focus of EPA's NAAQS. LikE
credible basis for linking
risk assessments of exposu]

In addition, MSHA has fai1
1expressed by EPA regarding

their ability to predict a
particulate exposures:

~d 

to acknowledge the various concerns
the data underlying the new NAAQS andld 

explain the biological effects of

[T]here remains uncer
texposure-response rel

variability of risk e
attribute observed he

:ainty regarding the shapes of PMLtionships; 
the magnitude andItimates 

for PM; the ability toLIth 
effects to specific PM

..
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constituents; the tim
effects (e.g., shorte
extent to which findi
to other locations; a
overall public health
While the epidemiolog
associations mentione
biologic mechanisms h

intervals over which PM healthing 
of life) are manifested; the3s 

in one location can be generalizedd 
the nature and magnitude of therisk 

imposed by ambient PM exposure.
data provide support for the
above, understanding of underlyings 

not yet emerged.

In summary, MSHA has faile
implications of size diffe
limited evidence linking P
effects, and persistent un
relationships between expoeffects. 

There is little
health effects associated
relevant to risk assessment,

to address important physiologicalences 
between dpm and PM2.5, the2.5 

specifically to adverse healthertainties 
regarding quantitativelire 

to particulate matter and healthvidence 
to support MSHA's view that

ith ambient exposure to PM2.s are
for and regulation of diesel exhaust.

hat methods do not exist to accurately
ct and results in a Risk Assessment
uantitative conclusions.

III. MSHA's determination t:
measure dpm is incor:t"E:
which cannot achieve <;;

I

ssessment and Proposed Rule is the
it is not possible to accurately

Critical to the MSHA Risk
1Agency's determination tha

measure dpm exposure:

The Agency is not con

]method for dpm that w'

verifiable results at

underground coal mine

ident that there is a measurement11 
provide accurate, consistent andlower 

concentration levels in
.(p.17498)

That determination leads t
that the MSHA Risk Assessm
conclusions; secondly, tha
or provide quantitative ex
implications are discussed

two far reaching implications: first,nt 
cannot achieve quantitative

MSHA cannot establish exposure limits
osure guidelines for dpm. These twobelow.

s Qualitative, not Quantitative

1.

MSHA Risk Assessment :1-

MSHA's Risk Assessment doe
because it is not based on
of using accepted risk ass
generate quantitative risk
risk to miners exposed at
concluded that:

not reach quantitative conclusions
measured levels of exposure. Instead
:ssment methods (e.g., 10,26-28) to
characterizations and thereby estimate"arious 

dpm levels, MSHA has simply

.
[M]iners subjected tol
concentrations we pre4

a lifetime of dpm exposure at
lently find in underground mines face a

.
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significant risk of m
1(p.17494)

Lterial 

impairment to their health

Because the MSHA Risk Asse

,measurements, its conclusireasons, 

MSHA's use of the

sentence has no statistica

:sment 

is not based on exposureIns 
are only qualitative. For the same

term "significant" in the above quoted
meaning.

.

As discussed below, we do
be made accurately and con
that MSHA has failed to ad
conclusions regarding use
particularly striking in 1
various international regu
already or are preparing t

,ot agree that dpm measurements cannotistently. 
More importantly, we find

quately justify its own negative
If dpm exposure measurements. This is
ght of MSHA's acknowledgment that
atory and advisory agencies haveI 
adopt explicit dpm exposure limits.

Moreover, 

the Proposed Rulissue. 
On the one hand, M

the ability to measure dpm
the other hand it argues thigh:

is internally inconsistent on this
HA states that it is not confident in
in underground coal mines, while on
at currently measured levels are too

rently observed in underground mines,
tlyat significant risk of incurring
ents over a working lifetime.

At exposure levels cu
~many miners are prese

these material impair

(p.17495)

has failed to adequately justify its
pm measurements are not possible, has
ew with the opinions and actions of
s, and has failed to recognize the
own arguments. We do not agree with
sk assessment for dpm cannot and
e are surprised by the Agency's
e of risk estimates thereby allowing
ted and critiqued in light of possible
We believe that the Agency should at

sis to estimate the impact of such
ve risk assessment.

In short, we find that MS
opinion that quantitative
failed to reconcile that v'
other international agenci
self-contradictions of its
MSHA that a quantitative r'
should not be performed.
failure to calculate a ran
its assessment to be evalu
measurement uncertainties.
least use sensitivity anal
uncertainty on a quantitat'

As published in the Propos
inappropriately and unnece
standards and guidelines p.
Council, PresidentialjCong
and Risk Management, EPA,

d 

Rule, the MSHA Risk Assessment is
sarily qualitative and deviates belowblished 

by the National Research
essional Commission on Risk Assessmentnd 

others.

Adverse Effects of MSI:-2.

A's 

Failure to Establish Exposure
Guidelines
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Because MSHA "is not confimeasured, 
the Proposed Rul

technology (BAT) to control
from diesel-powered equipm
MSHA explicitly rejects th
exposure limits or guideli

ent" 

that dpm can be accurately
relies on the use of best-available
particulate emissions originatingnt 

used in underground coal mines.
alternative approach of establishinges:

The agency also spent
whether it could simp
dpm in underground co
believes that the bes
sector would be one w
ambi"ent dpm levels to
(p.17498)

a 

considerable amount of time studying
y propose a concentration limit for1 

mines... However... the Agency
approach for the underground coalich 

does not require measurement ofascertain 
compliance or noncompliance.

The decision by the Agency
or exposure guidelines wil
1) mine operators will be
technology to reduce dpm e
methods that are the most
exposures; 2) mine operato
to judge the effectiveness
exposures to dpm; 3) there
mine operators to collect
term epidemiologic studies
effects to employees.

to 

not establish dpm exposure limits
lead to important negative outcomes:orced 

to use only one controlissions, 
rather than utilizing thoseost-effective 

and best reduce employees 
and their employees will have no wayof 

engineering controls in reducingwill 
be little or no incentive forxposure 

data that would sustain long-of 
possible dpm-induced adverse

Moreover, this approach is
found in the MSHA "Toolbox'
exposure by means of venti
agree with MSHA that the r
provide potential benefits
levels are excessive. Ado
decrease incentives to uti

inconsistent 

with the recommendations
which outlines ways to reduce dpmation 

and engineering controls. Wecommended 
"Toolbox" strategies wouldto 

workers in mines where dpm exposuretion 
of the Proposed Rule will

ize such "Toolbox" strategies.

Considering the negative i
exposure measurements cann
verifiable results", we ur
for its conclusion. We pa
agencies, including the AC
Centre for Mineral and Ene
government (p.17518) have
supported by quantitative
forward to establish such

pact 

of MSHA's determination that dpm
t provide "accurate, consistent ande 

the Agency to re-evaluate the basis
ticularly note that other respected
IH TLV Committee (29), the Canadian
gy Technology, and the German
ither adopted explicit exposure limitsxposure 

measurements or are moving
imi ts .

It appropriate sampling and analyticaltist 
to permit accurate, consistent and

Unlike MSHA, we believe th~
methodology do currently e~
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verifiable measurements of
several such methods in a
non-metal mines. Likewise
the NIOSH-NCI study descri
disagreement with the MSHA
discussed below.

dpm. In fact, we are currently using
Jtudy of diesel exhaust exposure in

those methods are in use as part of)ed 
in the Proposed Rule. Our

determination about dpm measurement is

Exhaust emissions from die
gases and complex particul
nitrogen monoxide, nitroge
and carbon monoxide. Each
for exposure monitoring an
(such as OSHA and MSHA PEL
Particulate emissions con

surrounded by organic molehydrocarbons. 
Cantrell an

shown that the vast majori
a submicron aerosol, even

.leI 

engines consist of a mixture of,tes. 
The major gas emissions include

l dioxide, sulfur dioxide, formaldehyde
of those gases has established methodsl 

each has accepted exposure limits
:) that address occupational exposures.
ist of an elemental carbon core'ules 

including polycyclic aromatic.Rubow(14,15,30) 
and others (31) have

y of diesel exhaust emissions exist as
fter agglomeration has occurred.

The concerns raised by MS
accurate measurement of di
areas: 1) will elemental c
collection of dpm?; 2) wil
all of the dpm present?; 3)
other substances (e.g. oil
dpm? As discussed below,
inhibit the collection of
concerns, such as whether
dpm is adequately sensitiv
simple and available at a
MSHA in the Proposed Rule:
as 1 ~g/m3 for a full shift
relatively simple and avai
(p.17507) .

in the Proposed Rule concerning the
sel exhaust fall into three generalrbon 

from coal dust interfere with the
current sampling techniques collect
will environmental tobacco smoke ormist) 

interfere with the analysis ofach 
of these concerns should notxposure 

data. Other potentialhe 
NIOSH analytical method #5040 for

and whether analyses are sufficientlyeasonable 
cost have been answered bythe 

NIOSH method can detect as little
air sample and the analysis isable 

at a price of $30-50 per sample

1.

Will elemental carbon rom coal dust interfere with the
collection of dpm?

Testing of aerosol sa
combinations of the t
and field settings (14
that nearly all dpm w
diameter (MMD) of 0.15
nearly all supermicro
These findings were v
using both electric a
(which, therefore, ha

pIing 

of dpm, coal dust, and
D have been conducted in laboratory). 

Laboratory testing demonstrateds 
below 1 ~m with a mass median

~m. By contrast, coal dust waseter 
in size with a MMD of 3-10 ~m.rified 

in field studies of coal minesj 
diesel equipment. Electric mines

no dpm) demonstrated a single aerosol
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distribution with a M
1had a bimodal aerosol

approxima~ely 0.15 ~m.

P 

of about 7 ~m, while diesel mines~istribution 
with dpm having a MMD of

MSHA indicates concer
submicron in size it
dpm (p.17S06). Our f'
of Cantrell and Rubow,
submicron coal dust i
correct, that would 1
might overstate the t
lead to overprotectio

that if 10% of coal dust wereight 
interfere with the analysis ofrst 

response, in light of the findings
is that MSHA's estimate of 10%
too high. But even if MSHA weread 

to a positive interference thatue 
value of dpm. Such an error would

, not underprotection of workers.

Ultimately, 

if the co
problematic to some m
a correction factor r
carbon to elemental s
of coal dust would Ie
carbon levels.

lection 

of submicron coal dust provednes, 
it could be addressed by means offlecting 

the ratio of total submicronbmicron 
carbon aerosols: the presenced 

to higher than expected elemental

techniques collect_~~l of t~e dpm2. Will current sampling
present?

MSHA expresses concer
be larger than 1 ~m,
collection of dpm mig
cites the work of Vukconcerns. 

The Vuk et
study which evaluated
different modes. In
the particles were Ie
modes yielded more th
cases, the exhaust te
particle concentratio
studied operating mod
Vuk et al. do not sup

that, because up to 20% of dpm mightse 
of NIOSH Method #7040 for thet 

underestimate exposure. The agencyet 
al. (32) in support of itsal. 

report describes a laboratory
dpm from equipment operating in 131 

of those 13 modes, more than 90% ofs 
than 1 ~m. Only two of 13 operatingn 
10% of dpm larger than 1 ~m: in bothperature 

was very low «2000 C) and
s were the lowest of all in the 13s. 

Thus, we find that the results ofort 
MSHA's concerns.

y and field studies by Cantrell and
metal/non-metal mines (14,15) have

re are not significant amounts of dpm
would fail to be collected using

he agency itself has previously
90 percent of diesel particulate is
ers in aerodynamic diameter..." (33)

In addition, laborato
Rubow in both coal an
clearly shown that th
greater than 1 ~m tha
NIOSH Method #7400.
stated: "... that over
less than 0.8 microme

~e 

that the most likely bias resulting~od 
#7040 would be overestimation of

Accordingly, we beliel
from use of NIOSH Met~
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the true concentratio
submicrometer-size co
underestimation of dp
can be expected to be
believe that if any c
lead to overprotectio

of dpm, due to the presence of1 
dust as discussed above. Any

due to supermicrometer-sized aerosols
insignificant «10%). On balance, we
llection errors occurred, they would, 

not underprotection of workers.

3 will cigarette srnokincj or other substances k oil mist)
interfere with the anc4

lysis 

of gpm?

Under some collection
(ETS) might cause pos'dpm. 

Some portion of
analyzed as organic c
et al. (34) reported
exposure to respirabl
on their smoking habi
not use an impactor t
and they used only a

scenarios, 

environmental tobacco smoketive 
interference with the analysis ofETS 

may be less than 1 ~m and can berbon 
using NIOSH Method #7040. Woskiehat 

for dpm-exposed workers, measured
particulate matter differed dependings. 

However, these investigators did
eliminate supermicrometer aerosols,ravimetric 

analysis to measure dpm.

al. (35) performed similar studies,
separate submicrometer aerosols and

sis method to separate elemental
rbon exposures. That study found no

worker exposures to dpm based on
t et al. estimated that ETS would

10 ~m/m3 to total dpm exposure.

By contrast, Zaebst e
but used an impactor
a thermal-optical ana
carbon from organic c
significant increase'
smoking habits. Zaeb
contribute no more th

It is unclear whether
positively interferedpm. 

However, the me
ratios of total and e
dpm from other exposu

there 

are other substances that couldith 
the collection and analysis ofhods 

used by Zaebst et al. to compareemental 
carbon should differentiatees 

in mines with unique confounders.

3. Summary

In summary, MSHA's determi
consistent and verifiable
adequately justified in th
evidence the MSHA determindetermination, 

the MSHA Ri
fails to meet generally ac
is also thereby unable to
guidelines so that mine op
effectiveness of various d

ation 

that there are no accurate,ethods 
to measure dpm is not

Proposed Rule. Moreover, there istion 
is not correct. Because of thatk 

Assessment is not quantitative andepted 
risk assessment standards. MSHAropose 

exposure limits or exposurerators 
would be able to assess them 

control strategies.

Accordingly,

we believe thai t there is little ev:idence to support



18

MSHA's determination that dl
the determination renders t
that it also prevents mine
of dpm control strategies'
"Toolbox" .

pm measurements i3.re! not feasible, thathe 
MSHA risk ass-:ss:ment deficient, and:)perators 

from e'\Tal.uating the adequacyQcluding 
those proposed in the MSHA
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prepared as an addE~ndum to earlier comments made



ddendum to my earlier comments on the risk
Proposed Rules on exposure to diesel
ary purpose of this addendum is to address

epidemiological studies linking dpm and lung
ht of comments made by MSHA's Jon Kogut

Ibuquerque. A second objective is to reconsider
SHA Proposed Rules in light of the very recentIIDiesel 

Emissions and Lunq Cancer.

The following comments are an ~
assessment contained in MSHA':
particulate matter (dpm). The pri
questions about the adequacy of!
cancer in miners, particularly in Ii
during hearings held May 13 in A
Mr. Kogut's comments and the ~
Health Effects I nstitute report on I.

Epidemiolo~ ical Studies cited by KoQut

Lnscript of Proceedinqs, 5/13/99, p.59-63), JonIn his May 13 comments (see Tri
Kogut stated that MSHA had i~

ltified 

six studies

~n 

between miners' exposure to diesel~n 
increased risk of lung cancer"

"that look for an associatic
particulate or miners and;

Those studies were citedwhich he then briefly discussed

1 ...that we were not... taking into account any
nining and that we were relying entirely on ...rat
ility to humans might be questioned" (Transcript,

"to clear up the impressiol
studies having to do with I
studies... whose applicat

p.63). I

.

lrized in Tables 111-4 and 111-5 of the proposed
'rs fFed Req 63:17545-17554,1998] and

31 Miners [Fed Req 63:5812-58180,1998].

The studies can be found summ.
rules for Underground Coal Mine
Underground Metal and Nonmet;

.~

y Kogut were included by MSHA in the
>parently support the contention that dpm
owever, a closer examination of those studies
!such support:

In other words, the studies cited
Proposed Rules because they al
causes lung cancer in miners. I-J
indicates that they do !!Q! providE

None of the six studies C

~None distinguished expo Where data are provided,

minority of the total minin

...ntains 

exposure assessment data;ed 

vs. non-exposed miners;
diesel-exposed miners represented only a
J personnel included in each study.

tions to the various studies include (but are not
categorizations, failure to consider types of

~ider important confounding exposures, and
ures. The following discussion is provided to
iencies.

In addition, other important limit~
limited to) generally imprecise jq
mining performed, failure to con1
neglect of secondary work expo~
clarify those limitations and defi(

I

. July, 1999.



Boffetta et al. (1)

Backqround: This study was con
volunteers using self-administer
79 years of age enrolled in the s
volunteers determined whether
were obtained to document caus

jucted 

by American Cancer Society (ACS)
d questionnaires. There were 476,648 men 40-udy. 

Every two years, follow-up by the ACSubjects 
were alive or dead. Death certificates3S 

of deaths.

Occupational assessment: Thre
last occupation, if retired; 3) job
were then coded according an "

classification. ..was impractical
derived from a self-administered

questions identified: 1) current occupation; 2)leld 
for longest period of time. Occupationsd 

hoc two-digit classification... a more specificor 
the large number of ambiguous responsesquestionnaire".

DPM Exposure assessment: Ex
exhaust and eleven other group
questionnaire only. The authors
a major problem in self-administ
determine the accuracy of self-r

osure 

at work or daily life to diesel engine
of substances were "investigated" by,tress 

that "quality of information on exposure is
red questionnaires", Efforts were not taken to:)orted 

exposures.

Results for dpm exposure based I

on 

self-reports were:

~~~~~~IIAII 

Subjects---

:JExposed to dpm

Not exposed to dpm

9~~~~not answerecl

62,800
307,143~Q~

Description of miners: A total of 1
information was provided regardi
underground) or the ores mined
included adjustment for self-repo
asbestos.

233 

subjects were identified as miners. No19 
the types of mining performed (e.g.,e.g., 

uranium, copper), although the analysisted 
exposure to "coal and stone dusts" and

Only a small proportion of the mi~

lers 

reported exposure to dpm:

DPM Exposure in Miners
Exposed to dpm

:JNot exposed to dpm
Question not answere

--~

14.4%
41.4%
44.2 %

Lunq Cancer Analyses: Analysis
mining was performed on the tot
risk of lung cancer in dpm expos
exposed cases were observed",
exposed analysis was performed
association" with dpm.

)f the association between lung cancer and
I group of miners. Analysis did !:!Q! compare!d 

vs. not exposed miners because "too fewHowever, 
when such an exposed-vs-not-

on truck drivers, there was "no overall

July, 1999 2



Other points of interest: The ass
confounded by age, smoking, a
although only a limited number
association was found between
pulmonary diseases.

)ciation 

between dpm and lung cancer wasd 
other occupational exposures (e.g., asbestos),

f such exposures were determined. NoIpm 

exposure and mortality for non-neoplastic

Waxweiter et at (2)

Backqround: This study was co
~cancer in a cohort of potash min

employment to no known carcin
obtained for 98.9% of the cohort

jucted 

by NIOSH to evaluate the risks of lung!rs 
"exposed during their undergroundgens 

in the ore". Death certificates wereNho 
died between 1940 and 1967.

Occupational assessment: StUd
~least one year at any of eight po

were reviewed.

included miners and millers who had worked atash 
mining companies. Employment records

DPM Exposure assessment: on
~as the "major energy source" sin

other six mines did not use dies
diesel exposure.

! 

of the potash mines had used diesel engines;e 

1949 and another since 1957. Apparently theI 
engines. There were no specific measures of

Description of miners: Subjects
into two groups. One group com
underground potash work and Ie
second group comprised 1143
work and less than one year of u
also "subdivided on the basis of
mines with diesel engines.

'ere 

divided on the basis of employment recordsJrised 
2743 men who had at least one year of,s 

than one year of surface potash work. Thean 
who had at least one year of surface potashlderground 

work. The underground cohort wasvhich 
men had worked (and when)" in the two

LunQ Cancer Analyses: No statis
demonstrated among the groups
employment was considered. T
total person years of the study. I

between miners who worked in d
mines".

ically significant excess of lung cancer was
of potash workers, even when duration ofe 

dpm-exposed miners contributed 19.1 % of the
l\Jo cause of deaths were significantly different
eselized mines and those who worked in other

Other points of interest: Mortalityl
did not differ between dpm-expo~

rates 

from non-neoplastic pulmonary diseases
ed and not exposed miners.

Benhamou (3)

Backqround: This case-control S
~in France with funding from US

cancer and 2084 controls with di

Jdy of male lung cancer patients was conductedCI. 
There were 1260 cases of proven lung,eases 

not related to tobacco. The study was

July, 1999 3



performed "principally to study t

joccurrence of lung cancer." ,

e 

effect of exposure to tobacco on the

Occupational assessment: A IIC

Jrespondents were asked to give
first, with the corresponding dur

Tlplete 

occupational history was recorded...:heir 
occupations, from the most recent to thelion 
(at least one year)."

DPM Exposure assessment: Ex~

osure 

to dpm was nQ! considered in this study.

Description of miners: A total of ~'

"miners, quarrymen" but the mini
(e.g., uranium, coal) were not re

2 cases and 20 controls were identified as19 
conditions (e.g., underground) and ore minedorded 

in this study.

Lunq Cancer Analvses: There W
~lung cancer and work as "miners

increase in risk with duration of

cancer and dpm exposure were

IS 

a statistically significant association between
quarrymen", but there was "no evidence of an~posure". 

Specific associations between lung
lot evaluated.

Lerchen et al. (4)

Backqround: This case-control s
lung cancer among several ethni
were identified by screening ran
HCFA roster of Medicare particip
about 50% of cases, whereas 83

Jdy was conducted to study the incidence of; 
groups in New Mexico. A total of 771 controls

omly selected telephone numbers and from the3nts. 
Information was provided by next of kin inYo 

of controls provided their own information.

Occupational asse.ssment: Stud
~history". For the analyses, "the

an individual was 'ever employed'

questionnaire "obtained a lifelong occupationalleasure 
of employment experience was whetherI 

for at least 1 year in an industry or occupation."

DPM Exposure assessment: The
~The authors state that "in the co

study, use of job title was the onl
status... grouping by exposure VI

-e was no specific measure of diesel exposure.
text of this population-based, case-control, 
feasible approach for classifying exposure'as 

thus generally not possible. "

Description of miners: A total of
~"underground experience", Of th

mined copper, lead, zinc, gold a
Further details were not provided

1 

miners were identified who specifically had)se, 
7 were uranium miners. The other 24

j silver, molybdenum, coal, clay or potash.

Lunq Cancer Anal~ses: An assoc
~cancer. Odds-ratios were the sa '

experience. Specific association
not evaluated.

iation 

was found between mining and lungne 
for those with and without uranium mining

between lung cancer and dpm exposure were

4July, 1999



Other points of interest: No increl
involved asbestos exposure. I

3sed 

risk of lung cancer was found for jobs that

Siemiatycki et al. (5)

Backqround: This case-control s
between 20 sites of cancer and
and combustion products. Ther
Patients with each type of cance
patients with other cancers, the'

udy was conducted to study the associationIccupational 
exposure to ten types of exhaust

were 3726 hospitalized male cancer patients..defined 
a "case series" which was compared to:;ontrols".

Occupational assessment: An "i~-depth interview elicited a detailed job history."

DPM Exposure assessment: Th
The authors state that "a team 0

completed questionnaire and tra
...for each subject, the data set
degree of exposure." Moreover,
were attributed" to persons who

re 

was no specific measure of diesel exposure.
chemists and hygienists examined eachIslated 

each job into a list of potential exposures;omprised 
semi-quantitative information on the

"relatively high exposures to diesel exhaustvorked 
as miners (emphasis added).

Description of miners: The miner
in Table 3 of the study report, 36
as diesel-exposed. The total nu
performed were not reported.

) were not described. Based on data contained"mining 
and quarrying" workers were regardednber 

of miners and the types of mining

LunQ Cancer Analyses: An asso
~cancer. With respect to presume

were "higher risks among those

exposure", thus suggesting an in

iation was found between mining and lungI 
dpm exposure, the analysis found that therelith 

short exposure than among those with longlerse 
or negative dose-relatedness.

Other points of interest: The auth
1evidence that diesel particle extr

extracts." I

Jrs 

concluded that there was "no compelling
cts are more potent than gasoline exhaust

Swanson et al (6,7)

Backqround: This population-ba
to evaluate occupational risk fact
years of age. There were appro
patients with colon or rectal canc
subjects differed between the tw
telephone interview.

ad 

case-control study was conducted in Detroit)rs 
for cancer. The study included men 40-84

imately 3900 lung cancer patients and 1950
~r, who served as controls. (The numbers ofI 
reports). Information was obtained by

Occupational assessment: A "Iif
~"occupational and industry titles

the duties performed, the dates

:ime 

work history" was obtained including
If all jobs ever held, a complete description ofach 

job began and ended, and whether the job

5July, 1999



was-full or part-time." Usual oc
the total number of months a pe
occupation over the entire work
industry for which the person ha

exposure".

:upation 

and industry were defined by "summing
son was employed in a specific industry orlistory 

and then selecting the occupation andI 
accumulated the largest number of months of

DPM Exposure assessment: Th
obtained regarding specific expo
large number of interviews cond
They also admit that, "many of t
suffer from lack of exposure dat
the authors grouped occupation
similarities in work exposures...
consultations with an industrial h

(emphasis added).

authors state "no direct information has been)ures 
...in order to reduce interview time for theIcted, 
exposure data were not obtained" (8).e 

epidemiological studies [of dpm exposure], 
as does this study". Instead of exposure data,

and industries according to "probablebased 
on review of the literature and

rgienist and an occupational physician"

Description of miners: The mine
included 19 cases and 6 control
cases and 7 controls from the II

controls who were "mining mach
described. The extent of overla
The second report (7) included
miners". No other miners were i

) were not described. The first report (6)
who were "excavating and mining workers", 23
ining industry group", and 16 cases and 5
ne operators". The "mining machines" were not
among those categories was not indicated.
56 cases and 99 controls who were "coal
Icluded in that study., 
I

Lunq Cancer Analyses: An incre
~mining, coal mining, and operati

the association of lung cancer a

Ised 

risk was found between lung cancer andg 
mining machines. There was no analysis ofd 
exposure to dpm.

Other points of interest: The aut
~concluded that "there is no camp

more potent than gasoline exhau

ors 

describe the association found between311ing 
evidence that diesel particle extracts are

st extracts."

Summary

As detailed above, the six studie
Proposed Rules do not directly a
between dpm and lung cancer in
that specifically compared dpm-
al. (2), found no significant asso
to lung cancer (or any other cau

; cited by Mr. Kogut and included in the MSHAjdress 
concerns regarding associationsminers. 

By contrast, the only one of the studiesxposed 
and not exposed miners, Waxweiler etiation 

between dpm exposure and mortality duee).

Thus, the strongest conclusion t
the miners in the studies had an
cannot relate such increased to
combination of such factors. Th
adverse health effects in miners

at can be drawn from these six studies is thatncreased 
risk of lung cancer. These studies

ny particular industrial exposure, lifestyle or
y provide no basis to attribute any specific0 

dpm exposure.

July, 1999 6



Health II:ffects Institute ReDo...!:!

This past June, the Health Effec
the adequacy of published data
(QRA) on dpm and lung cancer
report, the HEI Diesel Epidemiol
data that form the basis of curre
exhaust [and] identify data gaps
report was presented at a large
final report was peer-reviewed b
contributors to, peer-reviewers 0
Rules.

s Institute (HEI) published a special report onJr 
conducting quantitative risk assessmentsg). 

Included in the charge to the authors of the)gy 
Expert Panel was to review "epidemiological

t quantitative risk assessments for diesel3nd 
sources of uncertainty". A preliminary

ublic conference held earlier this year and the, 
a large number of scientists including

, and research cited in the MSHA Proposed

There is significant relevance of
there are not adequate or appro
ORA for dpm and lung cancer, t
meaningful for MSHA to cite risk
My earlier comments expressed
assessment was not scientificall

his HEI report to the MSHA Proposed Rules. If
riate data to perform a meaningful and rigorous
en it is not scientifically appropriate or
assessments to justify its proposed regulations.
ny concerns that the published MSHA risk
correct or appropriate.

The HEI Panel first examined "P
~emissions and lung cancer" in or

value for use in QRA. The Pane

blished epidemiologic studies of diesel exhaustfer 
to determine whether any were of potential

concluded that:

"Only two such studies red
associated in some mann~

orted any quantitative exposure data
~r with the occupational epidemiologic studies."

Neither of those two studies add
of railroad workers (e.g., Garshic
The other, a study of Teamsters
considered in the MSHA Propos
was published only late last year.

9ssed 

concerns about miners. One was a study
(et al. (9,10) discussed in my earlier comments.
)y Steen land et al. (11,12), was not fullyd 

Rules because an important component (12)

Thus in effect, the first conclusio
epidemiological studies of miner
and none are suitable to support
affirms the discussion above reg

Kogut.

of the HEI Panel was that there are no
that reported any quantitative exposure data
JRA on dpm and lung cancer. That conclusionlrding 

the epidemiological studies cited by Jon

The Panel then further evaluatedl
With regards to the railroad work~

the 

railroad workers and Teamsters studies.!rs, 
the Panel concluded that:

"the railroad worker COho
1lung cancer risk... the Pa

railroad worker data as th

study has very limited utility for ORA of lifetime
lei recommends against using the current
basis for ORA in ambient settings".

I
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The Panel's concerns, which ap
]settings, are in sharp contrast to

Proposed Rules that describe th

comprehensive, complete, and VI

Ily equally to ORA for non-ambient occupationalthe 
statements contained in the MSHA

~ railroad workers studies as "the two most

ell-controlled studies available".

With regard to the Teamsters st~

dy, 

the Panel concluded that the study:

"may provide reasonable
1but significant further eval

~stimates 

of worker exposures to diesel exhaust,Jation 
and development are needed."

Summary

The Report of the HEI Panel conion miners that contain quantitati
doubts about the scientific mean
to dpm and lung cancer that are I

'irmed 

that there are no epidemiological studiese 
data on dpm exposure. It also raises seriousng 
of quantitative risk assessments on exposure)ased 

on presently published data.

These findings are consistent witl
comments on the MSHA Propos~

1 

and lend significant support to my earlierid 
Rules.
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Diesel Particulate NIlatter Exposure of Underground11metal 

Miners: Final RuleMetal and Nol

;ster 66:5706-591 0, :~001Federal Reg

lot Jonathan Borak, MDComments

The MSHA Statistical AnalVI~1

pproaches to the interpretation and analysis of
r that obscure, rather than clarify the data upon
ies. One involves the apparent rejection of the
stical significance, while the other defines even
as evidence of "clearly significant health hazard"

MSHA embraces two nontraditional I
data from studies on dpm and canc~
which the MSHA risk assessment r~
standard approach to testing for sta~
very small amounts of increased ris~

[p.5785]. I

~

MSHA ignores standard teaching (referred to by

785]) about scientific inference, rejects generally

by the Federal judiciary and misrepresents key
these novel approaches rely.

I n embracing these two approaches
MSHA as "common convention" [p.e
accepted legal standards relied UpOI
elements of the literature upon whicl

.

Tests of Statistical Significance

~

definition of "statistical significance" and the

statistical significance and to interpret research

of "statistical significance" in a standard,
e Agency ignores and violates that definition:

The first of these involves the MSHt
approach taken by MSHA to test for
findings. MSHA defines the concep
acceptable manner, but in practice t

.

"A 'statistically significant' fin<1
the particular group, or statis
association arisin b chanc
workers outside the sample.'

ling 

is a finding unlikely to have arisen by chance inical 

sample, of persons being studied. M
~ would have no predictive value for exposed

[po 5785] (emphasis added)

"d (albeit simplistic) explanation of why individual
significance: 1) There may be no real difference; 2)
adequate to demonstrate a difference (referred to

.ion concludes:

The Agency also presents a standal
studies might not achieve statistical I
The design of the study may not belas a lack of "power"). That explana

~

I in an individual study does not demonstrate that
due merely to chance -only that the study (viewed

nclusive." [po 5785]

"lack of statisti
the results of t!
in isolation) is

..Gal 

significanc,
hat study were
statistically inc
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I

:an be determined, studies that lack statistical
]roups: those with sufficient power (i.e., negative
power (i.e., "statistical Iv inconclusive" studies).

Because a study's statistical power ~
significance can be divided into two .~
studies), and those lacking sufficien~

~cted that the MSHA analysis would divide the "47
;HA considers relevant" into three groups: 1)
lificant positive studies); 2) neaative studies (i.e.,
but with sufficient power); and, 3) inconclusive
;tical significance and power).

Accordingly, it would have been exp'
known epidemiologic studies that M~

positive studies (i.e., statistically sigr
those lacking statistical significance
studies (i.e., those lacking both stati:

But such expectations are not met.
jshow a positive relationship betwee

neqative (i.e., do not show such a p
as inconclusive. This results becau

nstead, MSHA finds 41 studies to be positive (i.e.,I 
exposure and cancer), and the other 6 to beIsitive 

relationship). Not one study is categorized,e 
MSHA ignored its own definitions:

"Some degree of association
excess prevalence of lung ca
refers to these 41 studies as
identified as those reporting
(SMR) exceeding 1.0. The 1
those reporting an RR or odd:
to be statistical I si nificant c
order to be considered a 'POSI

between 

occupational dpm exposure and anlcerwas 
reported in 41 of the 47 studies... MSHApositive'. 
The 22 positive cohort studies are

relative risk (RR) or standardized mortality ratio
) positive case-control studies are identified ass 

ration (OR) exceeding 1.0. A studv does not need
it the 0.05 level) or meet all criteria described inIlive'study." 

[po 5775] (emphasis added)

positive" studies category that did not require
jer statistical power, and included studies that

~d workers outside of the sample" [po 5785].

Thus, MSHA created a category of '!

statistical significance, did not consil
"have no predictive value for exposE

I

.

Idy" category required both statistical significanceBy contrast, the MSHA "negative stj
and statistical power: I

"On the other hand, a study
statistically significant evide
its 95-percent confidence int
and (2) it must have allowed
to have detected an existing

nust meet two requirements in order to providece 
of no positive relationship: (1) the upper limit of~rval 

must not exceed 1.0 by an appreciable amountfor 
sufficient exposure, latency, and follow up timerelationship." 

[po 5785]

ISHA approach reflects efforts to be "precautionary",
~eals that the MSHA approach reflects fundamental
Ins) of standard methods of statistical inference.
)y considering the MSHA definitions of "positive"I~achings 

("common conventions" [p.5785]) of

A naive reader might assume the r\/.
but more thoughtful examination re~

misunderstandings (or misapplicati~
That fundamental error is revealed I
and "negative" in light of standard t~

statistical analysis. I

.
2

.
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I!valuate data of the sort considered here, the
!which states that there is no difference betweenI
:;ases vs. controls) and that observed differences
If the analysis is to determine whether the observed

In most statistical analyses used to E
analyst first tests a "null hypotheSiS'

!exposed and unexposed groups (or
are due to chance alone. The goal
data "refute the null hypothesis":

"Most epidemiologic research
These hypotheses are often I

such propositions are specifi
aluminum, compared with ea
occurrence of Alzheimer's di
between the postulated caus
null form, these specific prop
[KJ Rothman, S F Greenland

Lippincott-Raven, 1998]

is designed to evaluate scientific hypotheses.,osed 
as qualitative propositions; the 'null' form of

statements, such as 'Eating small amounts ofing 
no aluminum, does not increase the rate ofease. 

('Null' here implies that there is no relation! 
and effect, as in 'null hypothesis'). Stated in theIsitions 

are, in principle, hi~hly refutable."
Modern Epidemiology (2n Ed). Philadelphia:

If the null hypothesis is "refuted", thE!
significant difference exists betwee
more likely than the null hypothesis.
refuted, then the analytical conclusi
different and the analysis provides
causal. (It also provides no support

protective ).

,n 

the analysis indicates that a statistically
the groups and some "alternative hypothesis" is
On the other hand, if the null hypothesis is notIn 

is that the two groups are not significantly0 
support for the proposal that the exposure wasfor 

the opposite view, e.g., that exposure was

the null hypothesis is refuted, then it is necessary
ncreased the target events in the exposed group
'evented the target events in the exposed group
Either of those two alternative hypotheses could
jis, and either or both alternative hypotheses (i.e.,
Isidered in the second step of the analysis.

If significant differences do exist and
to determine whether the exposure i
(e.g., exposure caused cancer) or p

(e.g., exposure (2revented cancer).
explain rejection of the null hypothe
causation or prevention) can be con

II

.

jes the correct alternative hypothesis is obvious from
Ihers only one of the alternative hypotheses is
, in considering the effect of occupational exposure
t alternative hypothesis is that exposure caused
nce to testing whether the exposure was

(It should be noted that in many cas
looking at the data, while in many 01
operationally relevant. For exampl~
to dpm and lung cancer, the relevarl
cancer; there is little practical releva

protective). I

I

jard approach, which would have started with the

sure to dpm, as compared with no occupational
! the rate of lung cancer". From that starting point,

as into two groups: 1) Qositive studies refuting the
Itistically significant increased rates of cancer); and
ute the null hypothesis (i.e., studies lacking

~s of cancer).

But MSHA does not follow that stan

null hypothesis: "Occupational expo
exposure to dpm, does not increaSE
MSHA would have divided the studi
null hypothesis (i.e., studies with stc
2) neaative studies which do.!}Q! ref
statistically significant increased rat

I

.
3
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I~ terms, however, are not consistent with that
Ithe MSHA definitions of "positive" and "negative"
!null hypothesis. Instead, they are consistent with a~
':;cupational exposure to dpm, as compared with no
ases the rate of lung cancer". In other words,
as though the question to be answered was
lung cancer.

The actual MSHA definitions of thosl
standard approach. To the contrary,
are not consistent with testing of the
test of the alternative hypothesis: "0
occupational exposure to dpm, ~
MSHA defined positive and neqative
whether dpm was protective against

13pidemiologic 

studies" into two groups:Thus, MSHA divided the "47 known

-6 of 47 studies that prOVide
!protective against lung cance

j statistical evidence that dpm exposure was

i provide statistical evidence that dpm exposure was-41 of 47 stud ies that do no(

protective against lung cancel

This situation arises because MSHA
failing to document a protective effec
effect. That approach is wrong: Th
but whether it causes that disease,
the potential to harm.

approached the analysis as though any study
:t of diesel must perforce be evidence of a harmful
concern is not whether dpm fails to prevent cancer,Ind 

the absence of protection is not an indication of

Relative Risks < 2.0

Ijemiological studies that are described as "positive",ificance. 
Among those were numerous studies in

reen exposed and unexposed (or cases vs.
fically, the Agency indicates that a difference as
3nd meaningful difference as a matter of policy:

MSHA assembled a group of 41 epil
without regard to their statistical sigr
which the observed differences betv
controls) are very small. More spec
small as 10 percent is an important

.1

3HA regards a real1 a-percent increase in the risk of
k of 1.1) as constituting a clearly significant health

"It is important to note that M:
lung cancer (i.e., a relative ri~
hazard" [p.5785]. I

~aightforward, 

is so flawed as to be almostThat statement, at first seemingly stl

meaningless. J

MSHA says that a "real 1 a-percent
"real increase" is not defined and n
increase is "real". From the MSHA
not synonymous with "statistically s
required) nor does it appear to be b
seems that the criterion "real 1 a-pel

ncrease" 

is "clearly significant", but the conceptI 
criteria are provided to determine when an~rguments 

discussed earlier, it is clear that "real" isgnificant" 
(because statistical significance is not~sed 

on any other statistical analyses. Thus it
cent increase" is actually undefined and subjective.

.
4
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~ed 

above can be paraphrased as follows:Accordingly, the MSHA criterion qud
I

HA regards a reported 1 a-percent increase in the
tive risk of 1 ,1 ) without respect to its statistical
Iccuracv and/or validity as constituting a clearly

It is important to note that MS
risk of lung cancer (i.e., a relq
significance or other tests of ~
significant health hazard. I

Also troublesome is the MSHA polic
the threshold for "significant health
held that relative risks of less than 2
discussion at p. 5787], but MSHA h
there is "ample precedent for utilizin
than 2.0 in making clinical and public
the Agency cites two precedents, a
and indoor radon. Two references
Reducing the Health Consequence
Council (NRC) BEIR VI: Health Effe
consider those two reports and why
by MSHA.

, 

decision to accept relative risks of 1.1 as definingazard". 
As a general rule, the Federal Courts have0 

are not sufficient for showing causation [see
s rejected that view. Instead, MSHA argues that
~ epidemiologic studies reporting relative risks less; 
policy decisions" [po 5787]. To justify its approach,alyses 

of lung cancer risks due to cigarette smoking
re cited, the 1989 Report of the Surgeon Genera/:
of Smoking and the 1999 National Research:ts 

of Exposure to Radon. It is useful here to
they may not be supportive of the approach taken

lelative risks are viewed suspiciously is that theyI
ler than "true" biological effects. This concern is
: found in that NRC Report :

The reason that small increases of r
may reflect confounding or bias, ratt
illustrated by the following statemen

Ihat mean exposures of cases and controls differ by
liting study power. The detection of an excess risk
pmplicated also by an inability to control completely
lors, particularly cigarette-smoking, which has a
BEIR VI: Health Effects of Exposure to Radon.
jademy Press, 1999, at 379-30].

"A small relative risk implies 1
only a small amount, thus lim
of lung cancer is potentially c
for other lung-cancer risk fac1
relative risk of 10-20." [NRC
Washington, DC: National Ac

.

In such situations, large numbers O
~observed are significant and meani

NRC Report on radon, which specif
studies demonstrating very small re

II

subjects are required to ensure that the differences
Igful. This is again illustrated by reference to the
cally addresses the concerns related to case-control
ative risks (e.g., 1.1-1.3):

"this implies that the distribU
idistribution of exposures for

subjects are needed to esta
estimate effects precisely."

on of exposures for cases is very similar to the:ontrols. 
As a consequence, substantial numbers oflish 

a significant difference in the distributions and to
I"JRC, op. ail. at 422-423]

Accordingly, it is interesting to revi
levaluate how size of samples differ

Agency looks for support.

N 

the actual references cited by MSHA, and to~d 
between the dpm studies and those to which the

.
5
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First, MSHA presents a table summ
Surgeon General's 1989 Report. Th
epidemiological studies, describe rei
smokers. We have obtained and re
determined that those seven studies
people and considered nearly 10 mil
relative risk rates found in the table
2.08 and all achieved statistical sign
huge, carefully performed studies Ie
results of smaller, less controlled st

significance.

,rizing some of the data from Table 1 of theI! 
data, derived from eight prospectivei3tive 

risks of death from cardiovascular disease in
'iewed all but one (a Japanese language study) andI 
described mortality rates in more than a millionlion 

person-years of observation. Eight of the ten
IS reproduced by MSHA were in the range of 1.6-ficance. 

It is difficult to see how such findings from
ld support to the MSHA approach in interpreting thedies 

of which many did not achieve statistical

t residential epidemiological studies of radon
yzed in a meta-analysis summarized by the NRC.
s that the residential studies were undertaken only
shown (by means of traditional statistical analyses)
and lung cancer in miners. Thus, the residential
whether they were consistent with extrapolations
rs. In the case of diesel exhaust, there is no such
ical benchmark.

Then MSHA refers to the eight large
exposure and lung cancer, as reana
In citing those studies, MSHA ignore
after a causal relationship had been
between higher exposures to radon
studies were analyzed to determine
derived from the experience of mine
certain relation to serve as an analy1

Moreover, MSHA has elected to ignf

)re 

the following NRC cautions and caveats

First, NRC determined that only stu
1considered:

lies 

with direct measurement of exposure should be

"The committee concludes th
direct measurement of radon
cancer posed by indoor-rado

;3t only analytic case-control studies that rely on
in houses are useful for evaluating the risk of lung1 
exposure." [NRC, op. cit. at 356-357]

.

This of enormous importance to the
Health Effects Institute {17131} and
measurements. (This is discussed
MSHA to be "highest rank"). Thus
find that there were almost no studi
dpm and lung cancer.

dpm measures because, as pointed out by the
others, there are few if any studies with direct dpm
,)elow with respect to two recent studies deemed by.in 

approach consistent with NRC (and HEI) would
~s suitable for quantitative analysis of the risks of

Second, NRC reviewed a study in
1and reanalyzed:

'hiGh 

three of the eight radon studies were "pooled"

"The combined exposure-re ~... relative risk estimate of 1.0 '

risks were consistent with n

IPonse 

relationship showed no trend with a pooled
'ith 95% CI (0.8-1.3)... Results suggest that relative
effect of exposure..." [NRC, op. cit. at 416]

Inalyses and subgroup analyses of these studies ledThird, a series of NRC-sponsored a
to ample cautionary warnings: .I

. 6
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"Comparisons of I -> analyses provide an additional framework
for evaluating consistency a~ ng studies. Variations of risk patterns within
subgroups and inconsistenci between studies compel a cautious interpretation
of results. Three studies fou d no association with exposure overall and after
intense subgroup analysis. Results of the other studies offer mixed support for a
positive association." [NRC, .cit. at 413]

Finally, these are NRC comments the meta-analysis that MSHA has cited

"In summary, there was a ': exposure-response relationship in the meta-
analysis... However, meta-arialyses are known to have numerous limitations,
including an inability to explork adequately the consistency of results within and
between studies and for potentially important confounding factors."
[NRC, op. cit. at 421-422]

Accordingly, it is difficult to I why MSHA views reports from NRC and the
Surgeon General as supportive to it. non-traditional approach to data analysis. To the
contrary, both lend support to the !' that the MSHA approach is irregular and,

perhaps, irresponsible.

Methodological Weakness of the

Discussed above is the concern I small relative risks can result from confounding
and bias, and that such confoundin i are least likely to play an important role in well-
designed studies with large number of subjects. Those methodological concerns
contribute to the attribute that MSH ~ refers to as "power". Presumably, MSHA regards
the dpm studies has having "power" to justify adopting very small increased
relative risks as significant.

This is surprising in light of the
1998 Proposed Rule (1):

in which MSHA described this literature in its

.

"[N]one of the existing studies is perfect and many contain major
deficiencies... Shortcoming identified in both positive and negative studies
include: possible misclassifi tion with respect to exposure; incomplete or
questionable characterizatio of the exposed population; unknown or uncertain
quantification of diesel exha t exposure; incomplete, uncertain, or unavailable
history of exposure to tobac smoke and other carcinogens; and insufficient
sample size, dpm exposure, r latency period. [MSHA: Diesel Particulate Matter
Exposure of Underground I and Nonmetal Miners: Proposed Rule. Fed Reg

63:7532]

Accordingly, it seems even more to understand the MSHA justification for
reliance upon such small increasedlrelative risks to justify their Final Rule. One
example of such justification is , reliance on the "Healthy Worker Effect" to

7
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~rences 

in various studies. As described below,

t practical support.

explain the finding or small or no diff
such reliance is without theoretical 0

Healthy Worker Effect

I

~ht times to the "Healthy Worker Effect" (HWE), a
A describes as follows:

The MSHA Final Rule refers thirty-ei
form of epidemiologic bias that MSH

I

ealthier than non-workers, the prevalence of
exposed to a toxic substance may be lower than

ral population, but higher than the rate occurring in
imilar workers. This phenomenon is called the~4]. .

"Because workers tend to be
disease found among worker~
the rate prevailing in the genE
an unexposed population of s
"healthy worker effect" [po 57f

As discussed in the Final Rule, the ~,
of lung cancer in dpm-exposed wor '

apparent adverse effects of exposu
studies fail to show an increase in I
rates of cancer), while others demo
considered, the MSHA argument co
found more positive carcinogenic eft,
studies reflects study bias (i.e., HWE

~SHA position is that HWE reduces observed ratesers, 
thereby tending to conceal or minimize the3. 

As a result of HWE, MSHA argues, some dpmng 
cancer mortality (or show lower than expectedIstrate 

only insignificant increases. If the HWE wereltinues, 
then most of these studies would haveects. 

Therefore, the absence of an effect in specific:), 
not the absence of biological potency for dpm.

For example:

l

)bSCUre or deflate an excess risk of lung cancer, if it

3ffect..." [po 5790].
".. .factors that would tend to
existed: (1) a healthy worker

this study as evidence that exposure to diesel
ssociated with an increased risk of lung cancer...
y ignored the investigators' explanation that the low
~Iy due to a healthy worker effect" [p.5792].

".. .several commenters cited
emissions was not causally a
These commenters apparen~
SMRs they reported were lik~

.

I:an influence results even when the age-adjusted
I,erved among exposed workers is greater than thatpn. 

In such studies, comparison with the generalIe 
excess risk attributable to the substance being

", , ,the healthy worker effect ~
mortality or morbidity rate obi
found in the general populati~
population tends to reduce t~

investigated" [po 5784]. I

.I

:hat can be made to overcome HWE and points to a
) arithmetically adjusted standardized mortality ratesI'kers:

MSHA also discusses adjustments'
method used by Bhatia et al (2) wh(
for lung cancer in dpm-exposed wol

I

r all causes of death after removing observed and
er. Then, we adjusted the expected number of lung
the general population expected number of the

"We recalculated the SMR fc
expected cases of lung canc
cancer deaths by multiplying

8

.
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SMR for all causes excluding I
exposure and lung cancer. E4

lung 

cancer". {Bhatia R, et al.: Diesel exhaust
'idemiology 9:84-91, 1998]

An assumption that is implicit throug
approach of Bhatia, is that the effec

essentially equivalent (i.e., proportio
there are reasons to argue that this
that HWE is not even relevant to lun
shared by a large number of promin

lout the MSHA discussion, and explicit in the
5 of HWE on observed lung cancer mortality are
lal) to its effects on mortality from all causes. Buts 

not correct. In fact, there are reasons to argue
~ cancer. As discussed below, that latter view is

~nt epidemiologists.

HWE is generally attributed to selec1
respect to selection bias, HWE resull
healthier persons and selective excl
the time of hire (when healthy indivi
workers who become unhealthy are
workforce. If less healthy people ar
excluded and others who are later e
"healthier" specifically because the

ion 

bias and confounding {17072}(3,4). Withts 
when there is selective workforce inclusion ofJsion 

of less healthy persons. This first occurs at
uals are selected) and it can also occur later, ifdismissed 

or voluntarily withdraw from the! 
excluded from study cohorts (both those initially<cluded), 

then those cohorts will necessarily be
nhealthy have been removed from consideration.

Confounding can contribute to HW
advantages of employment that inti
to the nature or risks of the work. F
care than that available to the unem
health, then working people will be
stems from differences in socio-eco
unemployed people: because SES i
people with higher SES will be heal
to the types of work that lead to hig

in several ways. It occurs when there are
ence workers' health status for reasons unrelated
>r example, if workers have access to better health
Jloyed and if better health care leads to better
ealthier than the unemployed. Another example
lomic status (SES) between employed and
) an important predictor of health status, employed
hier than the lower SES unemployed without regard

er SES.

.

Most epidemiologists agree that th
~important early in a person's work Iii,

disease processes. For example, tt,
healthy individuals declines over ti

effects of selection bias are generally moree 
and do not apply equally to all diseases and

e advantage that stems from the initial selection of

or a total cohort, including those that quit or retire
the initial HWE associated with active employment
If the absence of any continued selection process."
mortality ratios and the "healthy worker effect":

:;e. J Occup Med 18:165-168,1976].

"When follow-up is achieved I

early for health reasons, then
declines with time, because d
[McMichael AJ: Standardized
Scratching beneath the surfa

II

"The mortality of employed p
during the period immediatel
found that the all-causes mo
industry was as low as 37%
of time since entry into the c
Many other studies have als

~rsons, 

relative to the general population, is lowest
r after starting employment. Fox and Collier (5)
tality of men within five years of entering the
)f that expected... The effect decreased with length)hort 

and had almost disappeared after 15 years...) 
found relatively low relative risk for the early years

.
9

.
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of follow-up, with relative risk
~[Checkoway H et al.: Reseati

York: Oxford University Pres

i slowly approaching 1.0 as follow-up continued."'h 
Methods in Occupational Epidemiology. New

, 1989].

Also, some diseases are more likel
~candidates. For example, persons

respiratory and bowel diseases, an

be identified and excluded during pr

to be identified during initial screening of joblith 
obvious physical deformities, symptomatic

congenital cardiac malformations are more likely to
~-employment exams:

"During the first 15 years of f
nonmalignant respiratory and
common causes of death, po
are manifest by age 20 and a
Observations on the healthy

Ilow-up, the lowest relative risks are seen for
digestive diseases. Although these are not
entially fatal diseases such as asthma and colitis
roe a factor in employment." [Monson RR:vorker 

effect. J Occup Med 28:425-433,1985]

"Incapacitating diseases that
observed very infrequently a
tuberculosis work in steel mil
and constancy of the healthy
causes of death. J Occup M I

Nould 

keep individual from working would belong 
employed populations. Very few workers withs." 

[Sterling, TO, Weinkam, JJ: Extent, persistence,worker 
or healthy person effect by all and selectedd 

28:348-353, 1985]

I

~r are less amenable to early identification. Few
)eing at increased risks for cancer. It is especially
I will identify and exclude those individuals who will
Icy periods, e.g. after 15-20 years or longer. For
13ment from Richard Doll as quoted in (4):

By contrast, diseases such as cancE
young workers can be identified as I
unlikely that pre-employment exams
develop cancers following long later
example, consider the following stat

.

"It is extremely difficult to pre
1the individual's smoking habi

is not evident that any of the

effect on the risk of cancer a

Jict who will get cancer (apart from knowledge ofs) 
and, unless there is selection against smokers, it~actors... 

[leading to HWE]... will have any material:er 
(at the most) 5 years" (4).

.I

,posite of statements by ten of the world's leading
lillip Enterline, Geoffrey Howe, AJ McMichael, Olli'Nicholson, 

TO Sterling, and JJ Weinkam) that were
ation Board (WGB) of Ontario and later compiled

More compelling is the following cor
epidemiologists (Sir Richard Doll, PI
Miettinen, Richard Monson, William
submitted to the Workers' Compens
and published (4): I

"The HWE is likely to be sma'
employment' (Enterline) or di!
words, diseases of 'old age'
employment than are diseas
with symptoms that 'appear
diseases that have a 'high fa
disappear more rapidly than
diseases that 'have a typicall

.II 

in: 1) 'diseases unlikely to be manifest at time ofseases 
that 'occur late in life' (Enterline), or in other

hat are less related to health status at start of~s 
of young age (Monson), e.g., cancer; 2) diseases

'nly a few years before death occurs' (Enterline), or
:ality rate' which makes initial selection bias)ther 

long term chronic diseases (Howe), or
y silent course until their later stages' (McMichael),

10
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e.g., cancer, particularly IUng
~not been 'addressed in the s

remain in the workforce' (Mc

::ancer; 

and 3) diseases whose risk factors have
ection processes by which individuals enter andlichael), 

e.g., cancer" (4).

1e epidemiologists surveyed agreed that HWE is
'iduals and does not pertain equally to all diseases
.s to the WCB survey proposed that:

In short, a substantial proportion of tl
not uniform over the work life of indi\
and disease processes. Contributo

"causes of death, in the orde
~nonmalignant diseases of res

cardiovascular diseases, circ

causes; cancers other than I

of decreasing effect on the HWE, are::>iratory, 
digestive, endocrine and urinary systems;Ilatory 

diseases, and ischemic heart diseases; allng; 
all cancers; lung cancer" (4).

Ie 

HWE is unlikely and, therefore, can be ignored in"Most contributors said that t~
cancer studies" (4). I

I

~ists did not support the concept of adjusting or
ISHA:

Moreover, most of those epidemiolol
correcting results as suggested by N

I

sted that 'some corrections for HWE are possible'
)wever, do not accept a single correction factor for
3ince a number of factors modify the HWE, it is not
)ns about a single HWE, and, therefore, the
Jch an effect using a single figure would not be

"Sterling and Weinkam sugg~
...Many other contributors, h
the HWE. They thought that
possible to make generalizati
suggestion of correcting for s
valid" (4).

I

the epidemiology community for the approach
: in this dpm-related context. MSHA has neitherI
' literature nor defended its reliance on HWE as a

ings that disagree with its regulatory objectives.

In summary, there is little support in
taken by MSHA with respect to HWI
critically reviewed the epidemiologic
means by which it refutes those find

.

that studies of cancer, particularly lung cancers,
IHA has also proposed correction and adjustmentI
he HWE, an approach that directly conflicts with the

3 cited above.

MSHA has ignored the general vieVv
are not much affected by HWE. MS
methods that assume uniformity of t
views of many of the epidemiologis~

I

,In evaluation of this literature in a manner that

Icer risks of dpm, while diminishing studies that are

I perspective.

As a result, MSHA has biased its ov
exaggerates the alleged human car
not directly supportive of the MSHA

Two New "Hiahest Rank" sl~2.

Ii Proposed Rule, the MSHA Final Rule embracesI
~t al (6) and the other by Johnston et al (7) that are
ause they met MSHA criteria for quality of exposure

As means of rebutting criticism of it:
two recent studies, one by Saverin !
described as the "highest rank" beC1.

assessment. I

.
11
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"MSHA agrees that the qualit:,
study for even hazard identifi(
studies into four categories, dl
quantified for the specific war
exposure assessment and d
MSHA places on any of the s

, 

of exposure assessment affects the value of a:ation. 
Accordingly, MSHA has divided the 47epending 

on the degree to which exposures were<ers 
included. This ranking refers only to thees 

not necessarily correspond to the overall weightudies.

"The highest rank, with respe
jquantitative, concurrent expo

specific jobs coupled with det.
al and Saverin et al) fall into tl

;t to this criterion, is reserved for studies havingjure 
measurements for specific workers or for~iled 
work histories. Only two studies (Johnston ettis 

category". [po 5784].

This is reiterated when MSHA respol

lded 

to criticisms of its methods:

"Furthermore, two of the stUd
~exposure measurements, an

and Saverin et al)" [po 5808].

es 

now available... utilize essentially concurrent
both show a positive association (Johnston et al

Other statements also indicate the s
studies. For example, they were list
best currently available epidemiologi,
risk of lung cancer... this select groul
(Johnston et al and Saverin et al wel
"considerable weight on the fact" the
"the most recent epidemiologic studi
diesel exposure and an increased ri

)ecial 

importance that MSHA gave to these two~d 
among eight studies described as providing "thec 

evidence relating dpm exposure to an increasedp" 
[po 5795]. Also, with reference to three studies

e two of those three) MSHA stated that it placed
studies were timely and found a positive effect:3S 

available -reported an association between,k 
of lung cancer" [po 5792].

Moreover, it seems that these two st
jdeflecting criticism that Dr. Peter Va

the MSHA Proposed Rule:

Jdies 

were important to MSHA as a means ofberg 
and I independently submitted in response to

"Moreover, two newer studies
exposure assessments base
et al; Saverin et al). The maj
with respect to other studies i

[po 5790].

pertaining specifically to miners do contain dpm
on concurrent exposure measurements (JohnsonIr 

limitations pointed out by Drs. Valberg and Boraklvolving 
miners do not apply to these two studies"

Thus, in light of the significance that
lstudies, it is useful to examine them
MSHA has placed on the Saverin and Johnstonmore 

closely.

The Saverin Study

Jdy considers two specific issues: 1). Were
It"? 2). Did the Saverin study find positiveI:ussed 

below.

This reexamination of the Saverin st
exposure measurements "concurren
associations? These issues are disc

12



Borak:: Comments on Diesel Final Rule

Were exposure measurements "coni

:;urrent"?

Ij dpm exposure in a German potash mine duringThe Saverin et al study (6) measure!
1992: I

"In 1992, measurements of t
JorganiC carbon in total, in the

personal dust sampling, and

concentration values coverin

e 

concentration of total carbon i.e., elemental andairborne 
fine dust fraction were performed... WithIrea 

dust sampling where suitable, a set of 255
all workplaces was obtained..." [Saverin, p.416].

"The mining technology and
Jsubstantially after 1970. The

chosen to represent exposur

1e 

type of machinery used did not change'efore, 
the concentrations measured in ~ were

~ throughout the study period" [Saverin, p.416].

"Figure 1. Frequency distribu
1performed in ~" [Saverin,

ions 

of 255 concentration measurements,).418].

nine 

had been shut down in 1991 and most of theBut, according to Saverin et ai, the ~
workers had then been discharged: I

"During 1969 to 1970, the pot,

Germany changed technolog'
From that time until the mine
was exposed to diesel exhau

ash 

mines in the South Harz Mountains area ofI 
to the use of mobile diesel powered vehicles.
were closed in 1991, the underground workforce;t" 

[Saverin, p.416] (emphasis added)

luction in 1991, most of the miners were dismissed
work and exposure" [Saverin, p.418] (emphasis

""When the mines cased prod
and abandoned undergroundl
added). I

It seems, therefore, that the Saverin
ceased production and after most
regarding how and when the closed
thousand workers were rehired, or
equipment was restored to operabili
mine to full operation, plus the fact t
sparsely financed" [po 420], it would
solely for this study. Instead, it is m
a staged simulation, not during routi

.

exposure survey was conducted after the mine hadiners 
had been dismissed. No details are providedmine 
was reopened, how and when nearly one

ow and when mothballed and scrapped miningy. 
Given the likely high costs of returning a closed

lat the East German potash mining industry "wasbe 
surprising if this mine was returned to production)re 
probable that exposures were measured duringle 

mining operations.

.I

t al and MSHA have both offered an inappropriate
I assumption that exposures measurements made
Isures from 1970 to 1991:

Accordingly, it seems that Saverin e
argument to justify their fundamenta
in 1992 were representative of expo

I

lie type of machinery used did not changeIrefore, 
the concentrations measured in 1992 were

"the mining technology and tt
substantially after 1970. The

13
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throughout the study period" [Saverin et ai, p.416,chosen to represent exposur
1MSHA p.5793].

The appropriate concern was wheth
mining conditions and operations, n
machinery" had changed. If the min
historical routine, then the exposure
"exposure throughout the study peri
type are of no particular relevance.

~r 

the study considered appropriate and typical
It whether "mining technology and the type of
~ was nQ! operating in a manner similar to itsmeasurements 

were nQ! representative ofId" 
and the issues of technology and machinery

On the basis of the information provi
were measured during a staged sim
that basis, we disagree with the MS
exposure assessment was probably
the mine conditions during its histori

jed 

in Saverin et ai, it seems likely that exposuresJlation, 
not during routine mining operations. On

iA characterization of this study. It seems that the.!:lQ! 
concurrent with operations and did .!:lQ! reflect;al 

operations.

The fact that the exposure assessml
ceased has other important implicati
not at full operation during the Saver
probably underestimated the levels
Risk calculations derived from such
overestimate the risk associated wit
from these data would be thereby bi
carcinogenic potency of dpm.

~nt was conducted ~ mine production hadJns 
for the MSHA risk assessment. If the mine wasin 

exposure assessment, then the dpm levels
hat would have been found during full operation.3xposure 

assessments would necessarilyI 
dpm exposure. Any risk estimates extrapolated3sed 

so as to overestimate the putative

I,sociations?

Did the Saverin study find positive a

The results of the Saverin study dO~1

ambiguous. Even when the data w
evaluated by a variety of statistical t
determining significance, no signific

lot achieve statistical significance and arere 
subjected to various transformations and~sts 

using non-standard ultra-liberal criteria for
Int effects of exposure could be found:

"The internal sub-cohort com!
indicated an insignificantly el I

based on only 17 deaths fro
misdiagnosis and random im
confidence interval. Cox reg
exposures produced a simila
somewhat smaller... The prinl
significant even at a 90% lev

>arison 

on the workshop and the production group~vated 
lung cancer risk. The risk estimate was

i lung cancer and so was susceptible to)alance 
in smoking habit not covered by theession 

analysis utilizing the individual cumulative
result, the Poisson regression estimates beingcipal 

finding of the study... was not statisticallyu" 

[Saverin, p. 421] (emphasis added)

.

MSHA apparently agrees with that <t>nclusion:

I

: limitations that weaken the evidence it presents of
1ificant probability that a correlation of the

"This study has two importanj
a positive correlation... a sigl

.
14
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magnitude found could have ~
on a relatively small number 4

irisen simply by chance, given that it were based
If lung cancer cases" [MSHA, p.5794].

Moreover, it is necessary to realize
alternative interpretation of the data,
potash miners had a lower risk of lu
population (SMR = 0.78). That is su

dpm and 64-70% of them were smo!
the general population". Saverin et c
invoking the healthy worker effect. E:
regard the health worker effect as h
cancer. In fact, even Saverin et al i
their results to such effects:

1at the study data are also consistent with an
which argues that dpm is actually protective! The
Ig cancer than that expected in the East German.prising 

because all of the workers were exposed to~ers, 
a rate that Saverin notes to be "higher than inII 

and MSHA explain the finding of an SMR < 1.0 by:ut, 
as discussed above, most epidemiologists

ving little or no importance for studies of lungdicates 
that one should be cautious in attributing

"lung cancer mortality, too, m.
probably also subject to an in
exposure. If so, this could sp

p.421].

IY be subject to health-worker selection and is:reasing 
trend over time, paralleling the cumulating

Jriously enhance an effect of exposure" [Saverin,

Thus, the Saverin et al. data are als I

dpm decreases the lung cancer risk
advance this particular thesis, only t
inherent to the Saverin et al data an

study).

consistent with the hypothesis that exposure to
of cigarette smoking. (It is not my objective to
point out the weaknesses and inconsistencies
the failure of MSHA to thoughtfully evaluate the

The Johnston Study

Reexamination of the Johnston stUd
!measure diesel emissions and were

adequately control for confounding?

, 

considers similar issues: 1). Did the studythe 
measurements concurrent? 2). Did the study

Was diesel measured? Were measul

'"ements 

concurrent?

The Johnston et al study (7) conside'
did not directly measure those emiss
estimated dpm exposures by two in
from total respirable dust levels that
estimated values. For example, con
"estimation of respirable diesel exha
measurements for "locomotives ope
the workplace" [Johnston, p. 21]:

-ed 

exposure to diesel emissions in six mines, but itions 
in any of the mines. Instead, the study

irect methods. In one method, dpm was estimatedNere 
then adjusted using a series of other)ider 
the Johnston et al"Short summary" of the

Jst particulate exposures" from dust exposureating 
downstream (in terms of the ventilation air) of

I

ited downstream of the face areas... the diesel
:;oncentrations for the locomotive drivers are
Ital-respirable dust concentration minus the

"Where the locomotives operc
exhaust particulate exposure
estimated as the measured to

15
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measured ash content, minu~
diesel combustible-respirable!

the estimated concentration of any other non-
material (mainly coal dust).

"The respirable coal dust con
content for drivers with the a
ratio of respirable coal dust t
of men operating at workplac
particulate is assumed to hav
that all travelers, including th
diesel particulate concentrati

added)

;entration 

is estimated by comparison of the quartzerage 
for face workers, on the assumption that the

respirable quartz is the same for both... Exposure!S 
upstream of the locomotive to diesel exhaust

~ occurred only during travel. It is also assumed
drivers, were exposed to the same instantaneous
ns during travel" [Johnston, p. 21-22]. (emphasis

It can be seen that this approach did
lcalculated estimates derived from a
not reflect "concurrent measurements" of dpm, but

)rior series of estimates and assumptions.

Similarly, dpm exposures were esti
1oxides:

ated indirectly from prior measures of nitrogen

"A second (largely) independ
diesel exhaust particulate ex
workers is ...based on existi
nitrogen to which these grou
proportion of this that arose f
estimate of the exposure con
divided by the estimated ratio
respirable particulate in the e

~nt mechanism for estimation of the respirableDsure 
concentrations for the same groups ofg 

measurements of the concentrations of oxides ofs 
of workers were exposed, and on estimates of the)m 

the exhaust of the diesel locomotives. This:entration 
for diesel-exhaust-derived NOx is then

of the concentration of oxides of nitrogen to that of
:haust emission, to convert to the latter.

"In practice, the way that we
is related to the measured du
largely (but not wholly) indep
those to respirable diesel exh

p. 21-22]. (emphasis added)

ave chosen to estimate this NOx-to-particulate ratio
it concentrations reported in the PFR studies, but is
ndent of the calculations used here to "convert"
iust particulate exposure concentrations [Johnston,

Thus, it is again clear that there wer
~series of indirect measurements con

prior estimates and assumptions, se

~ no "concurrent measurements" of dpm, but alerted 
to dpm estimates by means of a series offeral 

the same as used in the preceding method.

In light of the methods actually used
~description of this study as "highest

fact, it seems that MSHA itself agre

by Johnston et ai, we disagree with the MSHAank" 
for the quality of its exposure assessment. Ins 

with our views of the limitations in this study:

"Two limitations of this stUdY
~the exposure assessment is

depends heavily on assumpti
exposure levels" [MSHA, p. 5

veaken 

the evidence it presents... First, although
uantitative and carefully done, it is indirect and>ns 

linking surrogate measurements to dpmr93].

16
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Moreover, the two approaches that ~
yielded dissimilar results. In the Finl

lohnston et al used by estimate dpm exposures
31 Rule, MSHA describes this in generous terms:

"In four of the six dieselized ~
dpm were in generally good ~

lines, 

the NOx-based and dust-based estimates ofgreement" 
[MSHA, p. 5792].

It is surprising that MSHA viewed th
~et al did not. With regards to the ex

authors concluded as follows:

)se 

results as "generally good", because Johnston)osure 
estimates for locomotive drivers, the study

"The two separate estimates
compare reasonably well. H
estimated respirable diesel e
NOx data is less that half of t
The largest differences occur
Barnsley seam at Colliery X,
approximately 6 times the las

'or 

Colliery Q, for Colliery Wand for Colliery Ywever, 
for Colliery K and for Colliery X, the

haust particulate exposure concentration from the
lat derived from the PFR dust data in all cases.for 

the Flockton seam at Colliery K, and for thevhere, 
in each case, the first of the estimates are

"Given the differences in mea:
for both sets of estimates, the
between the two set is consid I

surement technique and the assumptions applied
general finding is that the level of agreement
Bred to be encouraging" [Johnston, p. 52].

In summary, we find that Johnston
~measurements were crude and imp

mischaracterized the study methods

tal 

did not measure diesel and that the3cise. 
Accordingly, we believe that MSHA has

and the qualities of its exposure assessment.

Did the studv control for confoundin41

In the Final Rule, MSHA states clea
~consideration to the important role 0

'Composition of Comparison Group

Iy 

that its valuation of studies gave important: 
confounding. With respect to the criterion
" MSHA states:

"MSHA includes bias due to (I
groups differ systematically w
non-diesel carcinogens. For
comparisons of underground
systematically biased by the

onfounding 

variables under this criterion if the
th respect to such factors as age or exposure to~xample, 

unless adequate adjustments are made'Tliners 
to the general population may beliners' 
greater exposure to radon gas" [po 5783].

lies later in the Final Rule:This concern is repeated several pa!

"With respect to lung cancer,
~particular group of mines mig

radioactive gases and/or res
effects of a potential carcinog

:here 

are many reasons why workers from a
lt not be selected for study... many mines containirable 

silica dust, making it difficult to isolate the3n" 
{po 5789].

17
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Accordingly, is a surprise that in its
1the presence of important confoundi

about that confounding, yet then dis
embrace the Johnston study:

Naluation 

of the Johnston study, MSHA described19 
and recognized the study authors' concerns'egarded 

its own criteria in an enthusiastic rush to

" limitations of this study weal:

cumulative dpm exposures w
was elevated relative to the r
out, this one mine greatly inti
the study. The investigators
generally the higher exposur
Nevertheless, MSHA regards
this mine were responsible fo
apparent way, however, to a
(including lung cancer) ...sh
exposures and how much to
employees working there) fro

:en 

the evidence it presents.. .the highest estimated~re 
clustered at a single coal mine, where the SMRigional 

norm. Therefore, as the authors pointed
ences the results and is a possible confounder inIiso 

noted that this mine was 'found to haves 
to respirable quartz and low level radiation'.

it likely that the relatively high dpm exposures at
.at least some of the excess mortality. There is no:;ertain 

just how much of the excess mortalityuld 
be attributed to high occupational dpm

onfounding factors distinguishing it (and then 
other mines in the study" [MSHA, p. 5793].

Thus, it seems that MSHA simply d
insufficient importance to doubt the
ignore confounding at that mine ("C
the manner in which it was done sug
importance of that one mine to deter

:reed that confounding in Johnston et al was of
tudy and its conclusions. But the decision to
Iliery 0") was significant for several reasons. First,
gests that MSHA did not understand the
llining the study results.
I

In the Final Rule, MSHA says:

"as the authors pointed out, t

15793},

is one mine greatly influences the results" [MSHA,

but that statement substantially und
1Johnston et al:

rstates its importance, as described in the report by

I

liP between lung cancer mortality and lagged diesel
lent on the relatively hiqh exposure at Colliery Q

"The strength of the relations~
exposure was entirel de en
where mortality was slightly h

p.94] (emphasis added)

gher 

than regional background rates" [Johnston,

Moreover, to determine the influenc~
repeated their analyses after excludil

of Colliery Q on the overall findings, Johnston et al19 
the men from pit Q:

"With this reduced cohort, di
1statistically siQnificant and, in

exposure lower than 1.0 for t

[Johnston, p. 89] (emphasis

;el 

exposure was not even close to beinqfact, 
resulted in estimated relative risks per unite 

15-year and 25-year lagged exposures"Idded)

18
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Thus, the findings in this particular s
group"... "the best currently availabl,
an increased risk of lung cancer" [M:
mines in which elevated levels of dp
present. As an act of faith, MSHA h
that mine was due to the dpm. In re
criteria for this literature review.

:udy, 

which MSHA described as among the "select
~ epidemiologic evidence relating dpm exposure to)HA, 

p. 5795], is entirely dependent on one of tenn, 
quartz and radon were all simultaneouslyis 
determined that the excess risk of lung cancer in3ching 

that conclusion, MSHA violated its own key
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